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help normalize prothrombin time before surgery 


“has a more prompt, more potent and more 
prolonged effect than the vitamin K analogues’’* 


MEPHYTON 


VITAMIN Kj 


Reduce the hazard of hemorrhage due to hypoprothrombinemia during 
or after surgery: tonsillectomy, obstetrical and gynécological procedures, 
surgery of the newborn (especially prematures), neurosurgery, thoracic 
surgery, intestinal surgery, biliary tract surgery, rhinoplasty, surgery in any 
highly vascular area. 


Especially indicated in patients with obstructive jaundice, or when prothrombin 
level is depressed following administration of anticoagulants, barbiturates, ~ 
salicylates, antibiotics, sulfonamides, or phenylbutazone. Can also 

be used postoperatively to combat hemorrhage due to hypoprothrombinemia. 


Dosage: Surgery—up to 50 mg. orally at least 24 hours preoperatively or up 
to 50 mg. intravenously at least 12 hours preoperatively to restore prothrom- 
bin to safer levels. 

Supplied: Tablets, 5 mg., bottles of 100. Emulsion, each 1-cc. ampul contains 
50 mg., boxes of 6 ampuls. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc.,, PHILADELPHIA 1, PA. 


Mephyton is a trade-mark of MERCK & CO.., Inc. 


*Council on Pharmacy and Chemistry: New and Nonofficial Remedies, Philadelphia, J. B. Lippincott Co., 1956, p. 505. 
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Tissue an Dressing FORCEPS on Spring Handle 


For Plastic, Thoracic, or Neurosurgery 


#G-1956 

is recommended 
for holding 

the dentate 
ligament 

in 


cordotomies. 


STORZ INSTRUMENT CO., 4570 Audubon Avenue, St. Louis 10, 











G1950 
G1952 





G-1956 
G1958 





G1962 
61964 Pat. Appl. 





Six forceps of improved design to obtain a better functioning 
spring handle forceps, which can be held far back on the 
handle but obtains a firmer grip at the distal end, as there is 
greatly increased leverage. 


All the forceps have crossed branches, they permit a delicate 
but firm grasp. 


The crossed branches necessitate less space for manipula- 
tion. 


The fulcrum near the tip prevents overriding of jaws. The 
lock on #G-1950, #G-1956 and +G-1962 is released by 
applying additional pressure, which does not cause move- 
ment at the tip. 


G-1950 Forceps, Tissue, G-1962 Forceps, Tissue, 
Cross Action: Cross Action: 
1 x 2 tecth, 9”, with BROWN 
RIS 561 5.6, aos ion ce type jaws, 2 rows of 
et a fine teeth, 9”, with 
G-1952 Forceps, Tissue, MO as (6 Slash Sica dd 22.75 
Sross Action: — G-1964 Forceps, Tissue, 
1 X 2 teeth, 9”, Cross Action: 
without lock ....... 17.50 BROWN 
ee ee mas type jaws, 2 rows of 
G-1956 oe see fine teeth, 9”, with- 7” 
serrated jaws, 9”, Al re 18.75 
WHEUBOUE o.cis:cteiciaveiscens 21.50 (B 


G-1958 Forceps, Dressing, 
Cross Action: 
serrated jaws, 9”, 
without lock ....... 17.50 


Missouri 
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Ydjustable in both width and length, 
he No. 1821 prone headrest supports 
Weight on two forehead pads without 
iressure on the ocular area. Mazxil- 
ary supports may be swung 180° to 
five anesthetist access to intratra- 
heal or intranasal tubes. 





h supine or unilateral positions, 
fatient’s head is cupped by the three 
€lf-positioning pads of headrest 
fo. 1824. 
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American NEUROSURGICAL HEADRESTS 


for the 1980 Operating Table 


Three basic attachments and six 
Neurosurgical Headrests provide: 


Complete latitude in posturing the patient 
7 =... in prone, supine unilateral, upright or 
chair positions. 


Optimum head stabilization with heretofore 
2 unknown freedom of action in operative 
technique. 


The complete adjustability provided by the Hydraulic 
Universal Ball Joint permits the neurosurgeon to- 
position the head before the headrest is applied. The 
selected posture is maintained rigidly . . . without 
injury to the patient, yet with unobstructed surgical 
approach and with full access for the anesthetist. 





Headrest No. 1825 may be used in 
upright positions, with or without 
lateral braces according to the re- 
quirements of the procedure. Patient 
is positioned supine and headrest is 


applied after anesthesia. AMERICAN 


€rie+Pennsylvania 





patent no. 661922 


NEW CRANIAL DRILL PROVIDES PROTECTION 
AGAINST POSSIBLE INJURY TO THE DURA 


Codman and Shurtleff now brings you a 
cranial drill designed with a positive dis- 
engaging mechanism which automatically stops 
drilling action at the very instant the skull open- 
ing has been completed. 

The new C & S Cranial Drill, with Smith 
Automatic Perforator Drill, is simple and fool- 
proof in operation. The surgeon localizes the 
drill point and maintains a steady, firm pres- 
sure at 90 degrees to the skull. This pressure 
locks the drill key into driving position (see 
figure 1). Constant pressure is maintained 
until the drill automatically disengages at the 
completion of the opening (see figure 2). Per- 
forator drill is 14 mm. in diameter. 

An adapter for the motor drive is supplied 
to accommodate all types of burrs and trephines 
ordinarily used with the Hudson Drill. 

The Cranial Drill is powered with a variable 
speed motor. Complete unit, N-1023, consists 
of motor, foot switch, Smith Automatic Perforator 
Drill and attachments in aluminum carrying case. 
Entire unit may be autoclaved. Technical catalog 
information mailed on request. 


PRICE: $295.00 complete 
Explosion proof switch available at additional cost. 





1. TO START — Press drill 


down to engage locking 
mechanism in driving 
position. 


« DRILLING—Maintain con- 


stant, firm pressure, Drill 
will automatically dis- 
engage upon completion 
of opening. 


CODMAN & SHURTLEFF, INC. 


104 BROOKLINE AVENUE, BOSTON 15, MASS. 
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qwe WILLIAMS 


JACOB E. FINESINGER, Editor, 
J. Nerv. and Ment. Dis., 

Vol. 126, 

No. 1 
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THE INTERDISCIPLINARY APPROACH 


Appropriately, the journal will be edited at The 
Psychiatric Institute of the University of Maryland 
School of Medicine, a research, training and teaching 


institute that aptly reflects an_ interprofessional 
® 5 approach to the study of human behavior. 
j { Professor of Psychiatry and Director of The Dire 
Psychiatric Institute since its founding 1952. * , peu 








Author of some seventy papers on cerebral Prof 
circulation, conditioned reflexes, autonomic cine 
nervous system, respiration, and endocrine rial 
studies in psychiatric disturbances. Clinical jour 
studies tmclude psychiatric factors in atopic cho: 
dermatitis, peptic ulcer, essential hypertension cart 


and fatigue. Particularly active in studying tee 
and developing methods and aids in teaching ciat 
psychiatry. 


DR. H. A. ROBINSON 
Managing Editor ‘ . 

The Ps J of M \-~- 7 Ass 
Aenssinne oie of seo il The Psychi- — kin: 
atric Institute. Has been on faculty of Harvard gro 
and Yale Universities. Published in the fields a mit 
of rehabilitation, adjustment to disability, ee: 4 rm Ad 


sociology and clinical psychology. = 
thet 


DR. ROBERT G. GRENELI 





Assoc > 
Th Psychictri ste U. of Md 


Praflener of Peychiatric ‘teeth, "ee Psychi- 



























atric Institute. Formerly on faculty of Univer- Ass 

; sity of Minnesota and at Yale; formerly Fellow Res 

pee of U.S. Public Health Service, Johnson Founda- Sch 

number e tion for Research in Medical Physics, Univer- ver 
sity of Pennsylvania, and at Jenkins Department Fou 

of Biophysics, The Johns Hopkins University. act 

Major publications in neurophysiology and thor 

neurochemistry. Sto} 


ADVISORY BOARD 




















DR. RAYMOND D. ADAMS DR. MARIO GOZZANO } DR. JERC 
Boston Rome 5 Baltimor 
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The newly formed Editorial Board of the Journal has been selected on 
an interdisciplinary basis. Each member has made significant con- 
tributions beyond the boundaries of his own profession. 


DR. JAMES L. O'LEARY 
Neurology 
Washington University School of Medicine 
Professor of Neurology at Washington Univer- 
sity, St. Louis, where he has held teaching 
positions for twenty-five years. He has pub- 
lished approximately one hundred scientific 
articles, largely in neurological areas. 


Director of Laberetery for Snacteapeiel Thera- 
peutics, Allan Institute, Montreal; Associate 
Professor of Psychology and Lecturer in Medi- 
cine, McGill University. Member of the edito- 
rial or advisory board of six professional 
journals. Chief fields of research include psy- 
chosomatic medicine, clinical endocrinology, 
carbohydrate metabolism. Member of Commit- 
tee on Research, American Psychiatric Asso- 


DR. TALCOTT PARSONS 
ciation. 


Behavioral Science 
Horvord University 
DR. JEROME D. FRANK Professor of Sociology and Chairman, Depart- 
Psychiatry - Group Therapy ment of Social Relations, Harvard University. 
Henry Phipps Psychiatric Clinic Received a Ph.D. from Heidelberg in 1927, and 
Associate Professor of Psychiatry, Johns Hop- — e ——e = map geese J Sere. Has 
kins. Has written chiefly on psychotherapy and th . 5% a y in , —— — HH ae 
group psychotherapy. Chairman of the Com- . wo | + Boag P me ' ‘i aon "The 'S a 
mittee on Medical Education, Group for the mer fp ba a § cole | Actions, ocia 
Advancement of Psychiatry; Chairman of Com- ystem, Essays in Sociological Theory. 
mittee on Research, American Group Psycho- 
therapy Association. 


DR. THOMAS S. SZASZ 


DR. ROBERT R. HOLT Psychoonalysis 


Behavioral Science 


h Center for Mental Mealth, N.Y.U 
Associate Professor of Psychology, Director of 
Research Center for Mental Health, Graduate 
School of Arts and Sciences, New York Uni- 
versity. Has taught at Harvard, the Menninger 
Foundation, and University of Kansas. An 
active consultant to various scientific organiza- 
tions, and is an editor of a number of profes- 
sional journals. 


State University of New York 
Professor of Psychiatry, State University of 
New York, Syracuse. Born in Budapest, he 
came to the U. S. in 1938 and received his 
M.D. from University of Cincinnati. A practic- 
ing psychoanalyst, Dr. Szasz has published 
widely in psychiatry and psychoanalysis, as 
well as psychosomatic medicine. His book Pain 
and Pleasure was published by Basic Books in 


1957. 





DR. JEROME K. MERLIS 


Baltimore 

DR. C. J. MUNCH-PETERSEN 
Aarhus, Denmark 

DR. J. H. QUASTEL 
Montreal 

DR. JOHN R. REID 


Baltimore 


DR. DAVID RIESMAN 
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A Preview 


Outstanding articles in the January, 1958, issue of the JOURNAL OF NERVOUS 
AND MENTAL DISEASE 






























THE NATURE OF APRAXIA 

By D. Denny-Brown 

One of our foremost clinicians brings together problems of neurology and psychology. Dis- 
tinguishes between ideational and kinetic apraxia on the basis that the former is related to 
non-physiological aspects of behavior. 


ON THE PARTICIPATION OF ADAPTIVE HORMONES IN DISEASE SUSCEPTIBILITY 

By Hans Selye 

The most recent contribution to the field of adaptability to stress by a pioneer in that important 
area. 

THE SEVERELY DEFECTIVE INDIVIDUAL 

By Seymour B. Sarason and Thomas Gladwin 

A psychologist and anthropologist explore the relationship between psychoses and subnormal 
functioning. The first intensive study of this important area. 

SOME ASPECTS OF AMINO ACID AND PROTEIN METABOLISM OF THE NERVOUS SYSTEM 
By Dr. Heinrich Waelsch 

Deals with metabolism of nitrogenous compounds in the central nervous system. Of primary 
interest not only because of the role of amino acids in the formation of proteins and active 
amines (such as noradrenalin, seratonin, etc.), but also because of their possible major 
activity in the mechanisms of storage and transmission of information. 


A CATARACT OF CONSEQUENCES 





This 
By Alan Gregg : 
Read at the Dedication of the Psychiatric Institute, University of Maryland School of Medicine, radic 
Baltimore, 1952. This previously unpublished manuscript by Dr. Gregg is particularly appropri- made 
ate to the inauguration of the new editorial policy of the Journal, in that it clearly reflects the follo 
multi-disciplinary point of view of this great educator. 20 ec 
Important papers read before the 1957 meeting of the Society of Biological Psychiatry . . . trast 
Visceral Brain, Its Component Parts and Their Connections. drain 
By James W. Papes empy 
Effects of Septal and Amygdaloid Lesions on Emotional Behavior and Conditioned Avoidance ane 
Responses in the Rat. ene 
By Frederick A. King. 
s & ad e ““N 
Read this trial subscription offer carefully ine 
Ine. 
THE WILLIAMS & WILKINS COMPANY e¢ BALTIMORE JOURNAL OF saliees 
NERVOUS AND 
MENTAL DISEASE the | 
s dicat 
grap 


Volumes 126-127 
Current In 1958 
Subscription price per 

year: 
$15.00 U. S. 
$15.50 Canada 
$16.50 all other 


countries 


This subscription order 





card requires no post- 
age. Subscribe Now! 


CARD IS PERFORATED—TEAR ALONG DOTTED LINE 





“ 


order 
post- 
Now! 


This is a posterior oblique 
radiograph of the chest, 
made in the erect position 
following the injection of 
20 cc of Mulsopaque Con- 
trast Medium through the 
drainage tube into an 
empyema cavity, the re- 


sult of a gunshot wound. 





‘“MULSOPAQUE?” is the registered trademark under which all leading x-ray dealers 
supply an emulsion of ethyl iodophenylundecylate prepared by Lafayette Pharmacal 
Inc. to provide good adhesion to mucosa, low viscosity, low surface tension, 
miscibility with tissue fluids, and good radiopacity. The compound is synthesized by 
the Research Laboratories of Eastman Kodak Company. The trademark serves to in- 
dicate to the radiologist continuity of experience in the manufacture of this radio- 
graphic contrast medium. 

















EXTERNAL, NON-SURGICAL TUMOR 
DIAGNOSIS AND LOCALIZATION 
BY THE BAIRD-ATOMIC 


Positron Scanner 





PCG-Fig. 1 PCG-Fig. 3 


The Baird-Atomic Positron Scanner, after the instrument developed by 
Brownell and Sweet*, is now commercially available to the medical field 
for external localization in difficult diagnostic problems such as brain 
tumors. This B-A Scanner uses the Brownell-Sweet coincidence gamma 
technique which has had extensive diagnostic use in over two thousand 
cases studied in several neurological centers. 

As described in the paper cited*, when certain radioactive tracers are 
introduced, tumors take up these substances at different concentrations than 
normal regions. Radioactivity distribution measurements are then made 
with the Positron Scanner. Localization by this technique is a promising 
new diagnostic method. 

Two profile charts are simultaneously recorded, Both are two-dimensional 
— the coincidence positrocephalogram (PCG-Fig. 1), and the asym- 
metry plot showing left to right distribution, called the asymmetrogam- 
magram (AGG-Fig. 2). These two plots provide information for 
three-dimensional location of abnormal regions. Additional scans, from 
other angles (Fig. 3), can be taken for further information if necessary. 


*Reference: Brownell, G. L. and Sweet, W. H., ‘Scanning of Positron- 
Emitting Isotopes in Diagnosis of Intracranial and Other Lesions’, Pro- 
ceedings of the Geneva Conference, Vol. 10, P. 249, 1956. 


For detailed information, please contact: 


Baird -Atomic, Inc. 











33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 
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UNIVERSAL 
AUT TOMATIC 
SERIOGRAPYPE 


@ Twelve individual casettes, each with its 
own set of screens, for versatile serial 
angiography. 

@ Vertical or horizontal operation. 


@ Portable. Simple installation. No modi- 
fication of your X-Ray equipment required. 
@ Standard 11 x 14 (or 10 x 12) cut film 
and standard film developing procedure. 


the An 8-page brochure on the Model 110 will be sent to you by return mail, if you will write: 
ATTOMATIC SERIOGRALYPH CORPORATION 


4910 Calvert Road « College Park » Maryland 
A SUBSIDIARY OF LITTON INOUSTRIES 

















JOSIAH MACY, JR. FOUNDATION 


It ni Announces two new books 
GROUP PROCESSES, Transactions of the Third Conference 


Edited by Bertram Schaffner, University Seminar on Communications, Columbia University 

The discussions in this volume are concerned with interpersonal influences within the 
family, interpersonal persuasion, further studies on maternal-neonate relationships, and 
Chinese Communist thought reform. $4.00 


NEUROPHARMACOLOGY, Transactions of the Third Conference 


Edited by Harold A. Abramson, The Long Island Biological Association, 
Cold Spring Harbor and The State Hospital, Central Islip, N. Y. 

The discussions in this conference dealt with blocking of the LSD-25 reactions in 
Siamese fighting fish, LSD-25 reaction in snails, stress situations in animals and conflict 
situations in humans, measurements of subjective responses, studies of effects of psycho- 
somimetic drugs in animals and man, LSD-25 and its selective affinity for depressing 
dendritic activity, serotonin and norepinephrine as antagonistic chemical mediators 
regulating the central autonomic nervous system, effects of chlorpromazine and reserpine 
on the rat, the production and control of alcohol cravings in rats, and the action of 
alcohol on the central nervous system. $4.50 


JOSIAH MACY, JR. FOUNDATION PUBLICATIONS 
16 WEST 46th STREET, NEW YORK 36, NEW YORK 


Please make checks payable to Josiah Macy, Jr. Foundation 





























MEDTRONIC 
ELECTRO-COAGULATION FORCEPS 


(Insulated with built in control) 


Provides Surgeon with: 
Absolute control of electro-coagula- 
tion 
Protection from burns 
Finger tip pressure control 
(Eliminating foot switch) 


Adaptable to your present instrument 


For proper connecting cable specify 
Make of Instrument .............. 


PURI 88 5550 ore fda eee Seine iear eck: Patent Pending 


For further information and prices 


MEDTRONIC, INC., 818-19th Ave. N.E., Minneapolis 18, Minnesota 


































drenosem 


SALICYLATE 


(Brand of carbazochrome salicylate) 





to control oozing and bleeding 








As one clinician states: “Blood loss years emphasize the value of Adrenosem 


may be hidden temporarily after closure preoperatively—to control oozing and 
of the thoracic or abdominal cavities, bleeding and provide a clearer opera- 


even though drains are in place. Ob- tive field. 














struction to outflow through these drains 
can occur, and bleeding is not apparent. 
“There are certain clinical situations 
in which prolonged and profound ooz- 
ing of blood may occur.””! 
Published reports?* over the last five 


Adrenosem does not affect blood pres- 
sure, cardiac rate or output, blood clot- 
ting mechanism, massive hemorrhage, 
or arterial bleeding.’ 


Supplied in ampuls, 
tablets and as a syrup. 


“U.S. Pat. 2581850, 250629 


THE S. E. MASSENGILL COMPANY 





BRISTOL, TENNESSEE 





NEW YORK 





KANSAS CITY SAN FRANCISCO 





















One of the many procedures where 





SALICYLATE 


has been especially effective when used preoperatively 





The photographs below are of two typical cases in 200 dermabrasion 


procedures‘ over a period of two years. 






Case #2 Left cheek untreated 


Case #1 Right cheek, after treatment with 


ye y 
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"ed. 
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Adrenosem 







Case #2 Right cheek, after treatment with 
Adrenosem 


Write for literature describing the action and uses of Adrenosem Salicylate 


THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE 


. Dripps, R.D.: Hazards of the Immediate Post- 

operative Period, J.A.M.A. 7:795 (Oct. 19, 1957) 

[This reference reviews postoperative hazards, 

and does not refer to Adrenosem Salicylate] 

. Ersner, M.S., and Lerner, S.S.: M. Clin. North 
America 40:1749 (Nov., 1956) 

. Peele, J.C.: Further Observations on the Use of 
Adrenosem Salicylate in the Control of Hemorrhage 
from the Nose and Throat, N. Carolina M.J. 17:98 

(March, 1956) 


NEW YORK 


KANSAS CITY SAN FRANCISCO 


. Brown, W.S.: The Use of Adrenosem Salicylate to 


Control Postoperative Bleeding in Plastic Surgery: 
Dermabrasion, Northwest Medicine. In Press. 


. Wilkins, B.D.: Gastrointestinal Bleeding as Seen by 


the Proctologist, J.A.M.A. 163:1214 (April 6, 1957) 


. Orzac, E.: Medical Care of the Child Patient Before 


and After Adenoidectomy and Tonsillectomy, N.Y. 
State J. Med. 55:886 (Mar., 1956) 


. N.N.R., 1957, p. 265 
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SIGNIFICANT CONTRIBUTIONS TO NEUROSURGERY 


CLINICAL By Louis Hausman, Cornell Univ. From the clinical perspective of 
> the patient at the bedside, it is based on and represents an elabora- 
NEUROLOGY, tion of the method originally described by Adolf Meyer. All three 
NEUROANATOMY disciplines are integrated into one unit. Each is considered in 
AND terms of the other two. In addition, a method of reconstructing the 
a . brain is presented. (Two other helpful manuals are also available: 
NEUROPHYSIOLOGY “Atlas of the Spinal Cord, Brain Stem and Forebrain” containing 
exact tracings of 52 serial sections of the cord and brain ($2.00); 
“Consecutive Stages of the Reconstruction of the Nervous System” 

($2.75) Pub. March °58, 500 pages, 10 plates. 
SELECTED Compiled by Charles E. Troland and Frank J. Otenasek. This 
a monograph fulfills a DUAL PURPOSE: To honor the memory of 
WRITINGS OF Dr. Walter E. Dandy and to make availatle many of his writings not 
WALTER E. DANDY obtainable from other sources. Certainly all neurosurgeons and 
neurologists should have the book—both as a historical volume and 
because of the ready availability of information. “His writings are 
scientific treatises of the highest order and productions of art.”— 
Texas State J. Med. ‘“‘When one has finished reading this monograph 
one realizes that another milepost in neurological surgery has been 
set up and the way paved clearly and carefully for others to follow.” 
—Bulletin of the Johns Hopkins Hospital. Pub. °57, 800 pp. (654 




































10), 183 il., Cloth, $15.00 
CEREBRAL 
LIPIDOSES 


Edited by L. van Bogaert, Inst. of Neurology, London. Thirty-five 
distinguished authorities participated in this symposium devoted to 


te a study of cerebral lipidosis and leucodystrophies from histological 
i and biochemical aspects. The record of these presentations will 
*y serve to convey the results of modern methods of investigation and 
aid in formulating a more useful classification of these diseases. 


Answers a need of neuropathologists who have been anxious to 
bring their methods of work up to date, supplementing their ex- 
aminations by the use of chemical and histochemical techniques. 
Pub. °57, 224 pp., 57 il. (11 in color), Cloth, $8.50 























By Cosimo Ajmone-Marsan and Bruce L. Ralston, both of Bethesda, 


THE EPILEPTIC 
SEIZURE 

Its Functional Morphology 
and Diagnostic 
Significance 


Maryland. A Clinical-electrographic Analysis of Metrazol-induced 





Attacks. The importance of the aura and the very first signs at the 
beginning of the attack are unquestionable. Yet a SPECIFIC aura 
is seldom present or recognizable. Even when present, it does not 
always help in lateralizing the lesion. In attacking the problem the 


% authors offer this SOLUTION: The pattern of the entire epileptic 
~~ seizure is studied in detail, and emphasis is placed not only upon 


the different signs but also upon their temporal relationship in the 
course of the attack. Evidence is also offered to show the almost con- 
stant identity between the seizure patterns characterizing the spon- 
taneous fit in a given patient and the Metrazol-induced attack in 
the same subject. Pub. ’57, 264 pp. (6 < 9), 60 il., Cloth, $6.00 


See 


te VMigs ty --s 






CHARLES C THOMAS - PUBLISHER 
301-327 East Lawrence Avenue 
Springfield: Illinois 











Greater comfort 
for postoperative 


and postpartum patients 


abdominal distention and urinary retention 
can often be prevented or promptl y relieved 


sare Lig 
— with less need for uncomfe rlable enemas and catheters 


@ 

VEC q A py 
‘CHLOULILE. 
Chloride 

(Bethanechol Chloride) 


‘Urecholine’ helps restore normal function after surgery and childbirth 
by increasing the muscular tone of the gastrointestinal and urinary 
tracts. Postoperative “gas” pains can frequently be prevented or 
promptly relieved—with less need for uncomfortable enemas, intuba- 
tion, and suction apparatus. Micturition is facilitated—without the 
discomfort and risk of infection inherent in catheterization. 
Administration and dosage: may be given prophylactically or 
therapeutically after surgery or childbirth. Usual oral dosage: 


10 to 30 mg. three or four times daily. Usual subcutaneous 
dosage: 5 mg. three or four times daily. 

Other indications: gastric atony and retention following vagotomy 
and other surgical procedures; chronic functional urinary 
retention due to atony without obstruction; megacolon, including 
congenital megacolon (Hirschsprung’s disease); certain cases of 
paralytic ileus; to counteract side effects of antihypertensive 
ganglionic blocking drugs. 

Supplied: 5 mg. and 10 mg. tablets, bottles of 100; 

l-cc. ampuls containing 5 mg. 

Urecholine is a trade-mark of MERCK & CO., Inc. 


> MERCK SHARP & DOHME, pivision oF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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VENTRICULAR DECOMPRESSION VALVE 


Suggested wherever relief of increased intraventric- 











ular pressure is indicated, and especially for the 
reduction of intracranial pressure in hydrocephalic 
individuals. One-way flow, made in stainless steel 
= rhodium plating. Approximate width, 5 mm. 


CRANIUM PLATE- 
SEAT CUTTER 


Neatly grooves cranium 
to flush-fit polyethylene 
or metal plates. 





This instrument quickly 
cuts a smooth, even re- 
cessed seat which adds to 
the rigidity of a polyethyl- 
ene plate, as well as flush- 
ing it with the top of the 
skull. Depth of cut is ad- 
justable. Has a rotary cut- 
ting blade. Available with 
flexible shaft. Instrument is 
chrome plated and may be 
autoclaved, 
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Adjustable for skull thickness- 
es up to 12 mm., this instru- 
ment enables the Surgeon to 
punch holes quickly, easily 
and safely. With metal punch 
attachment clean-cut holes are 
made in stainless steel up to 
.0015 and in tantalum up to 
.0020. 








Set of ten pre-formed templates in tantalum 
or stainless steel in assorted sizes and curva- 
tures available. Custom-made templates on 
special order. 

Visit our exhibit at the Harvey Cushing So- 
ciety meeting or write for catalog. 
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“An important contribution to effective team- 
work, a practical guide to the physician in 
accommodating himself to the doctrines and 
practices of the world’s principal religions 
as he practices the healing arts.”—From the 
Foreword by RAYMOND B. ALLEN, M.D. 
Designed to provide a reference for ques- 
tions of religious dogma as they pertain to 
the practice of medicine. The need for such 
a book has become greater each year in our 
more cosmopolitan communities. All of the 
religious groups from Hinduism to Pealeism 
are represented, 
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Associate Consultant — 
University of California 


POINTS OUT POSSIBLE PITFALLS IN 
TREATING PATIENTS OF CERTAIN 
FAITHS, such as: 





.the belief opposing blood trans- 
fusions held by Jehovah’s Wit- 


nesses 


.the importance of baptism and 
last sacraments in emergency 
situations to the Roman Catho- 
lics 


.the conditions for which a 
Christian Scientist may seek the 
aid of a physician without vio- 
lating his teaching 


In addition, there is a concise summary of 
the historical development of religion and 
medicine and a study of faith-healing and 
religious cures. 
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non-rigid 
Ventricular Cannula 


by Emil Seletz, M.D. 





This flexible, radio-opaque rubber cannula has the proportions of stand- 
ard metal cannula (10F, 9cm.), calibrated in centimeters; rubber is covered 
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by special lacquer for smoother passage through brain tissue. Lightweight 





metal hub fitted with airtight, watertight stopcock. Tube has removable att 
stilet. | 
Cannula may be left in place during x-ray and surgery—can serve as ( 


safety valve in ventricle 24 to 36 hours following craniotomy . . . has 











served as a life-saving measure for gradual decompression in acute intra- 
cranial pressure in comatose patients. Air release after ventriculography 
requires mere opening of stopcock. 
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EPILEPSY HANDBOOK - 


By 
FREDERIC A. GIBBS FREDERICK W. STAMPS 
Professor of Neurology Research Associate 
Director of Electroencephalography Director of Consultation Clinic for 
Section Epilepsy 
University of Illinois University of Illinois 
College of Medicine College of Medicine 


A compact, practical compendium of useful knowledge about epilepsy. For the busy doctor who 
wants to know: 
e What is wrong with the patient? 


e How can it be corrected. 


e How can it be avoided in the future? 


From the first chapters on just what epilepsy is and what causes it, the book takes up the various 
types of epilepsy in the order of the age at which they most usually develop. The authors then proceed 
to present detailed and practical information on THERAPY— including selection of drugs, dosage. 
medical management of difficult cases and indications for surgery. The final chapter on counselling 
deals with an epileptic’s regime, school, job, recreation, marriage and children. 


The book will prove an invaluable aid particularly in the light of its very opening statement: 


“Epilepsy is as common as tuberculosis and can masquerade in so many forms that 
any busy doctor will be treating it knowingly or unknowingly. 


Published 1958 112 pages 
Sent on approval, $4.25 9 illustrations 
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SYMPOSIUM ON HEAD INJURIES* 


MECHANISM OF SCALP AND SKULL INJURIES, 
CONCUSSION, CONTUSION AND LACERATION* 
E. S. GURDJIAN, M.D., J. E. WEBSTER, M.D., ann H. R. LISSNER, B.S., M.S. 


Neurosurgical Service, College of Medicine, and School of Engineering, 


Wayne State University, Detroit, Michigan 


(Received for publication September 10, 1957) 


EAD injury occurs as a result of the absorption of energy and may be 
classified as being either direct or indirect. A direct injury occurs when 
the head comes in contact with another object because of a difference 

in their velocities. Thus a moving object striking a stationary head or a 
moving head striking a stationary object will produce a direct injury. An 
indirect injury to the head is produced when the body is suddenly set in 
motion or brought to rest and forces are applied to the head indirectly, as in 
whiplash injuries or a fall in which the subject lands on his feet or buttocks. 
Regardless of whether the injury is direct or indirect, certain physical condi- 
tions are imposed on the head as energy is absorbed. These include deforma- 
tion (change in shape of the skull), and acceleration or deceleration of the 
head caused by a blow. In the usual head injury in civilian life, deformation 
and acceleration or deformation and deceleration exist simultaneously or 
develop in rapid succession. With a direct injury it is possible that the head 
alone may be involved whereas with an indirect injury there is likelihood of 
damage not only to the head but to other parts of the body as well. In in- 
direct injuries it is not essential for the head to come in contact with a non- 
moving or slower moving object. The sudden acceleration of the head may 
produce sufficient physical force to result in intracranial damage. The so- 
called “whiplash” injuries of the head and neck and injuries of the head in a 
fall with the lower parts of the body first striking a nonmoving object are 
examples of indirect forces acting upon the head. 

Injuries of the craniospinal junction are frequent in head injury. Setting 
the freely movable head into motion results in stresses on the structures of 
the neck that fix the head to the body. These stresses are occasionally so 
severe as to result in ligamentous and muscular injury, fractures of the 
cervical spine and spinal cord and brain injury. A discussion of head injury 
must recognize the occurrence of craniocervical damage. It is quite possible 
that a patient suffering from a minor head injury may have sustained a 
major injury to the cervical spine. 

* Aided by the Kresge Foundation. 
Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 
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MECHANISM OF INJURY TO THE SCALP 

The scalp, which is so commonly involved in direct injury, presents 
pathologic changes related to physical properties of the injuring object. A 
blunt object may bruise the scalp or it may cause cranial and intracranial 
damage without any apparent injury to the scalp. A sharp object may punc- 
ture the scalp or lacerate it. A rapidly moving object, such as in hammer 
blows, brick injuries, ete., may contuse and lacerate the scalp. At times an 
injury to the scalp may not be apparent for several hours or days since the 
discoloration of the scalp from an underlying hemorrhage may be delayed. 
The presence of hair obscures a complete examination. The old custom of 
examination by completely shaving the head was of merit in this respect. 

In the low-velocity injuries to the scalp, the edges of the wound are less 
damaged, although ragged and contaminated, than in high-velocity wounds. 
The latter may result in devitalized tissue, several millimeters to 2 to 3 
centimeters in width, about the borders of the wound. In management of 
high-velocity wounds a more extensive debridement of the edges of the sealp 
may be required. 


MECHANISM OF SKULL FRACTURE 

The type of fracture of the skull, whether depressed, perforated, linear 
or comminuted, depends upon the velocity and shape of the injuring object 
and the energy absorbed by the head. The faster the blow, the greater the 
likelihood of depression or perforation. The slower the blow, provided the 
energy is adequate, the greater the likelihood of generalized deformation of 
the skull resulting in linear fractures. In the dry skull it has been found that 
a blow by a steel pellet ? inch in circumference traveling at 50 ft./sec. results 
in a linear fracture while the same steel pellet traveling at 90 ft./sec. causes a 
perforation of the skull. 

The deformation of the skull following the low-velocity impact has been 
studied by the use of a lacquer termed “‘stresscoat.”’ It has been shown that 
with a low-velocity impact an area of inbending occurs around the point of 
the blow. This area of inbending rebounds if the force of the blow is not 
severe enough to cause comminution or depression at the point of impact. 
Simultaneously with the area of inbending, outbending occurs in regions of 
the skull in close proximity to the site of impact. A linear fracture is initi- 
ated in this area of outbending away from the point of impact and not in the 
inbended area. The fracture then extends toward the point of impact and in 
the opposite direction towards the base. The point of impact of the blow 
attracts the fracture line since, as it rebounds, it becomes an area of stress 
concentration. Consequently, the fracture line usually extends towards the 
point of the blow rather than to one side of this area. With the “‘stresscoat 
technic” vulnerable distant areas of deformation have been identified. For 
instance, in the forward portions of the vault and at the interparietal regions, 
blows result in deformations in the roof of the orbit on one or both sides. 
Occipital blows may result in transverse basal fractures in about 5 per cent 








MECHANISM OF HEAD INJURIES 127 


and vault blows ean be associated with basal fractures without extensions 
to the vault. 


MECHANISM OF FRACTURE WITH HIGH-VELOCITY WOUNDING 

With high-velocity wounding, after certain speeds have been reached, 
the missile imparts radial acceleration to the tissues with which it comes in 
contact. Consequently, as the bullet traverses the skull, shattering occurs be- 
‘ause of the radial acceleration imparted to the contents. Zuckerman,’ and 
Butler et al.! have shown that when a pellet with the speed of 3000 ft./sec. 
passes through a paraffin cube, the latter becomes swollen to several times the 
original dimensions. In other experiments in anesthetized animals, it has 
been found that an actual cavity forms about the pellet, being fifty or more 
times the size of the missile. This cavity is probably produced by the radial 
motion imparted to the contents by the missile. The presence of such an 
effect about the missile explains why the path of a bullet may be distant to 
a shattered femur or other indirectly damaged structures. A bullet may be 
several centimeters distant from the edge of the bone, but the pressure from 
the large cavity around the missile exerts a shattering force resulting in an 
extensive fracture. The requirement of complete debridement of the wound 
produced by a high-velocity missile should be emphasized since a core of 
tissue is devitalized as the missile passes through the part of the body in- 
volved. In the case of the brain and the skull an explosive force may be pro- 
duced as the missile perforates. Fragments of bone and debris are introduced 
into the cranial cavity and a core of brain tissue several centimeters thick 
may be directly destroyed by the radial acceleration imparted to tissues. The 
requirement in debridement depends somewhat upon the velocity of the 
wounding missile as well as upon its size and shape. 


MECHANISM OF ACCELERATION INJURY 

Acceleration was studied in experiments on anesthetized dogs by means 
of a Statham strain gauge wire accelerometer and a barium titanate crystal 
accelerometer. The records obtained by these two measuring devices were 
essentially similar in certain test studies. It was noted that there was no 
correlation between the peak of acceleration and the concussive effects. It 
was found that concussive effects were obtained with 800 to 900 G as well as 
with 200 or 150 G and in some instances no concussive effect was obtained 
with high accelerations. It appears that acceleration or deceleration results in 
changes in intracranial pressure at the time of the application of the energy 
and furthermore, it is not only the peak of acceleration that is responsible for 
the resulting effects, but also its duration. 

It has been shown that compression, acceleration and deceleration result 
in measurable pressure changes within the cranial cavity. With deceleration 
and acceleration mass movements of the brain may occur with tear of tissues 
resulting in secondary changes such as hemorrhage. With injury by decelera- 
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tion and acceleration the possibility of cavitation resulting from below nor- 
mal pressures in certain portions of the brain is also present. 
MECHANISM OF PRODUCTION OF INTRACRANIAL DAMAGE 

Intracranial involvement with macroscopic or microscopic damage may 
result from a sudden increase in intracranial pressure at the time of impact 
which is of the order of 15 to 100 Ibs./sq. in. in the dog. This is brought 
about by acceleration or deceleration of the head and/or compression. 
Scott,? using a compression technic, thought that the pressure increase was 
about 300 mm. of mercury. The duration of the increased pressure at the 
time of impact is also an extremely important factor. Other factors resulting 
in intracranial damage include mass movements of the brain; tearing of 
tissues without increased intracranial pressure, shear and tearing of tissues 
associated with extreme rises in intracranial pressure as in certain penetrat- 
ing wounds by bullet, and shell fragments; distortion of the skull and con- 
tents in low-velocity heavy injuries and heavy blows; deformations of the 
skull resulting in inbending of bone and depressed fragments. 

In closed head injuries the area of concentrated damage is usually the 
brain stem because of pressure gradients between the general cranial cavity 
and the spinal junction. Open wounds of the head may or may not be associ- 
ated with brain-stem involvement. 

Concussion is a term describing a state of post-traumatic unconscious- 
ness associated with pallor and a shock-like state. It may be of a varying 
intensity, from completely recoverable states to those of continued coma 
and death. Concussion is caused by a derangement of the brain-stem 
reticular formation. Open wounds of the head, contusions and lacerations 
of the intracranial contents may or may not be associated with “concussion” 
or such a derangement. 
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PHYSIOLOGICAL BASIS OF CONCUSSION* 
ARTHUR A. WARD, JR., M.D. 


Division of Neurosurgery, University of Washington School of Medicine, 
Seattle, Washington 


(Received for publication September 10, 1957) 


ASED upon the studies of Gurdjian and associates* rather discrete in- 

formation is now available regarding certain of the physical forces in- 

volved in concussion as well as the changes in energy in skull and brain 
that occur at the moment of impact. 

However, we must ultimately know the details of events that transpire 
at the membranes of nerve cells if we are to understand the phenomenon of 
concussion. Since obvious changes in the function of the central nervous 
system occur following head injury, it is certain that changes in the prop- 
erties of neuronal membranes have been induced by this transfer of energy. 
However, we currently have no direct information on the mechanism by 
which this transfer of energy acts on membranes. The rise in intracranial 
pressure demonstrated by Gurdjian and Webster certainly does not produce 
concussion by simple obliteration of the blood supply to the nerve cells 
since concussion is immediate in onset whereas the potential of the neuronal 
membrane can be maintained for appreciable periods of time in the absence 
of blood flow. Unfortunately it is difficult to conceive of any other mechanism 
by which pressure alone, within reasonable limits, can alter the function of 
the membrane. However, it is possible to construct hypotheses by which 
shear forces can deform membranes if actual movement occurs. Such shear 
forces can induce depolarization of the membrane with profound alterations 
of function of the central nervous system. This proposal, in fact, has been 
made by Gurdjian et al. However, even the determination of relatively gross 
changes in energy of the type they describe is no mean achievement and 
investigation of the relationships of energy at submicroscopic levels is 
currently not feasible. 

For this reason, we have elected to study the changes in the properties of 
neuronal membranes by observing the alterations in electrical activity of 
the cells at various levels of the central nervous system. Changes in spon- 
taneous electrical activity at various levels of the brain should accompany 
the changes in function that are known to be present following head injury. 

These studies, carried out over the past 6 years, have utilized acceleration 
as the method of producing the concussion since it is the common mechanism 
by which concussion is produced clinically, occurring in head injuries as the 

* This work was supported by a contract Nonr-942(00) between the Office of Naval Research and 
the University of Washington. 

Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 
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result of falls and automobile accidents. The criteria used to determine the 
presence of concussion were essentially the same as those proposed by 
Denny-Brown and Russell.? The criteria were not altered by the presence or 
absence of anesthesia. Acceleration concussion was produced in cats and 
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Fig. 1. Electrographie recording from cortex 
and reticular formation during and following con- 
cussion. (From Foltz, Jenkner and Ward.)° 


monkeys by means of a pneumatic 
gun in which a piston, driven by com- 
pressed nitrogen, strikes the freely 
suspended head of the animal, im- 
parting to it a critical acceleration of 
the order of magnitude of 75 G’s. 
The electrical activity of the cerebral 
cortex was monitored through dural 
electrodes implanted in the skull and 
the activity of subcortical structures 
was recorded from  stereotactically 
implanted electrodes also rigidly 
fixed to the skull. These variables 
were monitored before, during and 
after the blow. Obviously the techni- 
‘al problems of recording the electrical 
activity at various levels of the cen- 
tral nervous system were not simpli- 
fied by having the head moving 
through space with a velocity of 30 
ft./see. at the time critical measure- 
ments are to be made, but the arti- 
fact of movement was minimized to 
the point at which adequate record- 
ing could be obtained within one 
second of the blow. 

At the moment of impact (Fig. 1) 
there is an immediate artifact from 
the blow. Less than a second later, 
when the amplifiers become un- 
blocked, the changes in cortical ac- 
tivity are surprisingly minimal in 


view of the massive change in physiological function consisting of coma, 
apnea and loss of corneal reflexes. In certain cases, no definite changes in 
cortical activity could be observed although, in the majority of instances, a 
generalized flattening of the electroencephalogram appeared immediately 
after the blow and persisted for 10 minutes up to several hours. In no in- 
stance was any increase in cortical activity seen during the first 10 seconds 
following the blow and nothing resembling seizure discharges was observed 
at any time regardless of the presence or absence of anesthesia. 

The electrical activity of certain subcortical structures was also moni- 
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tored in a similar fashion. These structures included substantia nigra, red 
nuclei and periaqueductal grey matter and their electrical activity was 
found to parallel the changes recorded from the cortex in the same animals. 
In rather dramatic contrast, the activity recorded from the brain-stem 
reticular formation consistently showed far greater and longer depression of 
electrical activity following concussion than cortical and other subcortical 
structures, as noted in the bottom record of Fig. 1. 

Because of these interesting observations*® knowledge regarding the func- 
tion of this central reticular core of the brain stem is pertinent. It has been 
postulated that these pathways may be concerned with arousal from sleep 
and with the maintenance of the alert and wakeful state. There is experi- 
mental evidence to support this hypothesis. It has been shown’ that poten- 
tials evoked by peripheral stimulation may be corticipetally conducted, not 
only through the classical lemniscal systems and thalamic relays, but also 
through this central brain-stem system and medial thalamus. Furthermore, 
it has been demonstrated® that electrical stimulation of this region of the 
central brain stem, from which potentials evoked by peripheral stimulation 
can be recorded, causes arousal of the dormant animal from a sleeping to a 
waking state and that this is associated with similar changes in the electro- 
encephalogram. Finally, destruction of this region’ produces a state of 
chronic unresponsiveness. 

This central region in the cephalic tegmentum would thus seem to be 
intimately concerned with consciousness. Experimental lesions of this region 
produce coma. Direct activation of this region by repetitive stimuli is ac- 
companied by both electrographic and clinical changes of arousal from the 
sleeping state. Since this region receives impulses from the classical sensory 
pathways, it is presumably this continuous sensory bombardment that 
“drives” the reticular activating system and maintains the conscious state. 
A reduction in this sensory input results in spontaneous sleep from which 
the subject may be aroused by an appropriate increase in the sensory input; 
an abolition of this sensory driving will produce coma. 

It would thus be reasonable to postulate that the coma produced by 
cerebral concussion might well be based on changes that block this normally 
occurring sensory driving. We have just seen that the spontaneous electrical 
activity in this reticular activating system is decreased following concussion 
and this decrease in spontaneous activity might well be caused by a failure 
in conduction of peripheral afferent stimulation. 

This matter was investigated by Foltz and Schmidt! in our laboratories. 
These experiments in the monkey consisted of stimulation of a peripheral 
nerve with single shocks thereby evoking a single sensory volley in the 
sensory pathways of the central nervous system. These evoked responses 
were then monitored as they coursed through the brain. It was found that, 
following acceleration concussion, there is no alteration of conduction of 
sensory impulses over the classical lemniscal pathways to thalamus and to 
sensory cortex. The upper oscilloscope trace in record A of Fig. 2 shows the 
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Fic. 2. Evoked potentials in medial lemniscus (upper trace) and tegmental reticular formation 
(lower trace). (A) Before concussion. (B) After concussion. Time calibration 10 msec.; voltage calibra- 
tion 50 V. (From Foltz and Schmidt.)! 


evoked sensory response in the medial lemniscus in the normal monkey with 
no alteration of sensory conduction after concussion, as indicated in record 
B. In dramatic contrast, the normal evoked sensory response in the mesen- 
cephalic reticular formation seen in the lower trace of record A is totally 
abolished by concussion, as indicated in record B. This block of sensory driv- 
ing of the reticular system can persist for long periods of time. In Fig. 3 it 
will be noted that the evoked sensory response in the reticular formation 
showed only minimal return 3 hours after concussion and that complete 
recovery of the response did not occur until 20 hours after concussion. Had 
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Fic. 3. Recovery of evoked potentials in reticular activating system after concussion. (A) 25 min. (B) 13 
hrs. (C) 3 hrs. (D) 6 hrs. (E) 9 hrs. and (F) 20 hrs. after concussion. (From Foltz and Schmidt.)+ 
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the animal not been pharmacologically paralyzed, this return of sensory 
activation would presumably have been associated with a clinical return of 
consciousness. 

Thus this discrete study by Foltz and Schmidt would indicate that con- 
cussion blocks sensory conduction through the reticular activating system 
although sensory impulses continue to be transmitted over the classical 
lemniscal pathways to thalamus and sensory cortex. Since it is known that 
such sensory driving is necessary to maintain consciousness, the genesis of 
coma following head injury would seem to be on this basis. 

Of course these experiments do not throw light on the problem of why 
these particular pathways should be differentially susceptible to the effects 
of acceleration concussion. However, one possibility is that this block of 
conduction is related to changes in the metabolism of acetylcholine. Born- 
stein' demonstrated 11 years ago that, whereas acetylcholine is not normally 
present in the spinal fluid of experimental animal or man, it is present in 
fairly high concentrations following closed head injury. These data have 
been confirmed and extended by the recent studies of Sachs® who has further 
shown that not only is acetylcholine liberated into the cerebrospinal fluid of 
animal and man by concussion, but that serotonin is likewise released. These 
important biochemical sequelae of closed head injury may well be the basis 
of the clinical course that such patients follow. One might even postulate 
that the acetylcholine liberated by trauma is present in the brain-stem teg- 
mentum in sufficient concentration to play a role in the block of conduction 
of sensory input to the reticular activating system. If this is the case, this 
effect would be reversed by the action of a suitable anticholinergic drug and 
it may be for this reason that atropine, in large doses, is effective in the 
treatment of head injury.!° 


SUMMARY 

1. Since the effects of mechanical alterations at the moment of impact in 
head injury must ultimately be reflected by alterations of the properties of 
neuronal membranes, this has been studied by recording the electrical 
activity at various levels of the nervous system. 

2. Whereas there may be surprisingly little change in the spontaneous 
electrical activity of the cerebral cortex and many subcortical structures, 
there is consistent reduction of activity in the reticular formation of the mid- 
brain following a concussive blow. 

3. Whereas there is no alteration of conduction of sensory impulses over 
the classical sensory pathways to thalamus and cortex, evoked sensory re- 
sponses in the reticular formation are blocked or markedly attenuated by 
concussion. 

4. Since it is known that such sensory driving of the reticular activating 
system is necessary to maintain consciousness, the genesis of coma following 
head injury would seem to be on this basis. 

5. These alterations of properties of neuronal membranes following con- 
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cussion may be related to biochemical alterations, including the metabolism 


of 
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or 
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acetylcholine, which are known to follow concussion. 
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T THE present time only the beginnings of a generally acceptable under- 

standing of the morphologic changes in concussion have been reached. 

The alterations that have been described may be separated for con- 

venience into those recognized in humans and those found in experimental 
animals. 

In 1926 Osnato and Giliberti'* described an “uneven staining of the 
pyramidal cells of the cerebral cortex and of the Purkinje cells of the cere- 
bellum.’ Minkowski" in 1930 confirmed the findings of generalized cellular 
chromatolysis reported previously by others. Earlier,!’ ischemic changes had 
been reported in the hippocampus and cerebellum following gunshot wounds 
of the brain. Rand and Courville!*-** and later Courville* alone reported, as 
had others before, a form of central chromatolysis of the axonal degeneration 
type occurring in cells of the cerebral cortex. 

These alterations could be recognized by them in human material with 
death as early as 13 hours following injury. The central chromatolysis ap- 
parently occurred in a continuous progression for at least 39 days; the latter 
suggested to them a depressed capacity toward recovery of the severely 
affected cells. Alterations were also noted in the chromatin material within 
the nuclei of affected cells. This was accompanied by nucleolar eccentricity. 
In addition intracellular edema of the ependymal cells and of those lining the 
choroid plexus was found. 

Grinker,’ as had many others, suggested that the principal alteration in 
concussion is in the vascular system. This was considered to be true because 
of the tremendous vascular dilatation with engorgement and diapedesis of 
red‘ blood cells in certain regions of the affected brain. Recent human and 
experimental evidence has demonstrated, however, that neither is essential 
nor even usual in uncomplicated concussion. 

Unfortunately the difficulties in evaluating concussive changes in human 
material are almost insurmountable, first because fixation of the central 
nervous system is hardly adequate for the reliable cytologic interpretations 
that are essential in this disorder.®:3:* Furthermore death is rarely caused by 
concussion alone. It would be an extremely difficult or even impossible task, 


* Aided by the Kresge Foundation. 
Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 
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therefore, to separate with assurance the changes that belong to concussion 
(a disease that has not vet been histologically defined) from those produced 
by other effects of trauma and also from the changes caused by indirect and 
secondary involvement of the brain such as by hypoxia, fat embolism and 
shock and from the toxic effects of the usual accompanying pulmonary and 
/or urinary tract infections. To these difficulties one must add the further 
effects produced by the presence of concomitant but nontraumatic disease. 

As a result there have been many investigations done upon a variety of 
animals to determine the presence, nature and site of any morphologic altera- 
tion in experimentally produced concussion. The changes found were de- 
scribed by one of the earlier investigators as consisting primarily of wide- 
spread and diffuse chromatolysis of many nerve cells accompanied by altera- 
tions in the axis cylinders and myelin sheaths.” A later report concerned local 
condensations of Nissl substance within cells.” Seagliosi,** Jakob," and De 
Lisi’ were among the first to describe central chromatoiytic change following 
trauma that had produced concussion. The latter authors found these 
changes in the brain stem and basal ganglia as well as in the cerebral cortex. 
Windle, Groat and co-workers*:** described similar cytologic changes in the 
vestibular nuclei as had been reported by Brunner! in 1925. They found, in 
addition, marked central chromatolysis of the cells of the brain-stem reticular 
formation and a granular change in the large pyramidal cells of the motor 
cortex. 

During the period of the experimental research on concussion it was sug- 
gested that the mechanical factors incident to the trauma and of importance 
in producing concussion were acceleration and deceleration. Scott”® and later 
Walker and associates?’ and Gurdjian and his co-workers® independently and 
simultaneously were able to demonstrate that the principal factor in the 
production of concussion in animals was the sudden increase in intracranial 
pressure that accompanies head injury. This has been repeatedly confirmed 
by the latter investigators’’" who also discovered the importance of the 
time duration of the increase in pressure. In 1955? and in 1957,° using the 
procedure of Gurdjian et al., we have reported upon the morphologic findings 
following a sudden increase in intracranial pressure. The increase in pressure 
was produced by a single air pulse to the intact dura mater of a mongrel 
dog whose head was immobilized. The original series of this portion of the 
investigations consisted of 8 control and 19 experimental animals. Each of 
the latter animals was subjected to an increase in intracranial pressure that 
lasted 0.01 second. The pressure pulse in each animal was introduced over the 
right parietal area. The resultant rise in intracranial pressure varied between 
3 and 38 pounds per square inch (150-1900 mm. Hg). Ten survey sections 
taken from 12 areas were stained with the Nissl stain, and 10 were stained 
with the Luxol-fast blue silver nitrate stain for axis cylinders and myelin 
sheaths. One section from each area was stained with the hematoxylin and 
eosin stain. The regions surveyed included four symmetrical pairs from the 
cerebral hemispheres, one of which was at the level of impact. In addition 
blocks were made from the midbrain, pons, medulla and cervical cord. It was 
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concluded from this group of animals that the most significant change was 
central chromatolysis of the larger cells of the reticular substance in certain 
areas of the brain stem. Altered cells were regularly present and always 
greater in number in the retro-olivary cells of the medulla, with lesser de- 
grees of involvement of the cells in the pons and midbrain respectively. Gross 
lesions consisting of pontine hemorrhage and, in addition, microscopically of 
swollen and fragmented axis cylinders and myelin sheaths were produced 
oniy with the upper extremes of pressure that were uniformly fatal within 
minutes to hours. 

Changes in the cortical cells such as were described by Windle and 
associates were not accepted in these dogs because similar-appearing cells 
were found in the control animals. A numerical increase in these cells, how- 
ever, could not be excluded. Unfortunately we have found no reliable method 
to determine such a quantitative change. 

Two further groups of experiments on dogs using the same methods as 
outlined previously are just being completed. In contrast with the initial 
experiment that had utilized air pulses of varying pressures applied for a uni- 
form time and at a single portal of entry, these experiments have been 
directed to the maintenance of uniform pressure and with a uniform time 
duration but with variation in the sites of application of the air pulse. In the 
first of the new series each of 23 mongrel dogs was exposed to a single pres- 
sure pulse of 28 pounds per square inch and lasting 0.0250 second. The 
portals for air pulse included frontal, parietal, temporal and occipital areas 
laterally and midline positions over the frontal, parietal and occipital 
regions. All animals were sacrificed in the latter two series on the 7th day 
following the air pulse. This was done since previous experience, in agreement 
with Windle e¢ al., indicated this to be the best interval for the cytologic 
changes demonstrated. No gross abnormalities incident to the air pulse 
were encountered in any of these animals. Microscopic changes (Figs. 1, 2 and 
3), identical with those of the original series, were present initially in 20 
animals; in 3 no microscopic alterations were discovered. As determined by 
response of blood pressure, pulse, respiration and corneal reflexes of the 
latter 3 animals, the first had had a moderate effect, the second a very 
minimal and the third no effect. Typical lesions were found in 2 of these ani- 
mals with a second series of sections of the medulla. The animals of the 
second group of the more recent experiments differed from the preceding 
only in that they were exposed to a single air pulse pressure of 40 pounds per 
square inch but still continuing for 0.0250 second. No gross abnormalities 
incident to the air pulse have been found in this group of dogs. At the pres- 
ent time the examination of 8 of these animals has been completed. The re- 
sults thus far are identical qualitatively to those of the earlier two series. 

In the animals of all three series the principal and regular site of the 
cytologic change was in the medulla just dorsal to the inferior olive, medially 
but especially laterally. Occasional isolated cells with central chromatolysis 
were seen elsewhere. This was more usual in the region of the lateral vestib- 
ular nuclei and. sometimes within the olives. The site of pontine involve- 











138 CHASON, HARDY, WEBSTER AND GURDJIAN 


ment was not uniform. The affected cells were most commonly involved 
singly, rarely in groups. In general the cells were the large ones found to 
either side of the midline in the region of the reticular substance. In the mid- 
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Fic. 1. Group of cells with central chromatolysis in lateral reticular substance of medulla. Animal 
exposed to 28 pounds pressure per square inch for 0.025 second 7 days previously. Nissl stain, 370. 





Fia. 2. (Left) Cell undergoing central chromatolysis with evidence of early recovery in central re- 
ticular substance of pons. Same animal as in Fig. 1. Nissl stain, 370. 

Fic. 3. (Right) Cell undergoing central chromatolysis without evidence of recovery. Cell in medial 
reticular substance of midbrain. Same animal as in Figs. 1 and 2. Nissl stain, 370. 


brain the cell areas affected varied but again were usually to either side of the 
midline. In only 3 instances were altered cells found in the inferior-lateral 
portion of the thalamus. 

Our further efforts are now being directed toward the examination of the 
axones, particularly those of the brain stem, to determine whether the initial 
site of injury is in this region. In addition, the areas of brain-stem involve- 
ment are to be mapped with serial sections. 
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CTUAL phenomena of automobile collisions are highly complex. The 
medical and surgical practitioners, who deal with the problems of 
treatment and repair of human injuries resulting from such impacts, 

realize the highly variable damage such collisions can inflict on the human 
mechanism. As engineers, it has been the task of the automobile industry to 
determine how such injuries are obtained and develop methods of preventing 
their causation or minimizing their severity. 

Although, in the techniques of crash research at Ford Motor Company we 
use full-scale vehicles and anthropomorphic dummy occupants to simulate 
actual crash conditions, rather simple apparatus can demonstrate some of 
the mechanical behavior of impact phenomena and arrive at some of the 
mathematical considerations in crash reactions. 

A simple pendulum apparatus can be somewhat analogous to vehicles 
during conditions of collision. If two equal and essentially nondeformable 
masses are allowed to swing into contact with each other from the same eleva- 
tion, it will be observed that, following the impact, they will rebound to the 
heights from which they were originally dropped. Similarly, if one of the 
masses is replaced by an immovable barrier, the colliding mass will recoil to 
the position from which it was dropped onto the barrier. This behavior, in 
which all the kinetic energy of the moving mass is returned to the system as 
motion, is referred to as elastic impact. It is interesting to note that the mo- 
tion reaction of the mass is a function of its own kinetic energy and is ex- 
pressed as 3 mv’. 

Another type of impact, referred to as plastic impact, can be shown by 
the same apparatus. In this example, the nondeformable masses will be re- 
placed by totally deformable masses, for instance, soft putty. If two such 
masses are dropped to collide together they will not recoil. The kinetic energy 
they possess will be expended in flatting the bodies against each other. 
Again, the deformation of each mass will be a function of its kinetic energy 
and the reaction will be the same whether masses are crashed together or 
just one mass collides and flattens against an immovable barrier. 

Actual cars can be used to replace the masses for a more realistic under- 
standing of the problem. However, it must be realized that automobiles 
combine both elastic and plastic properties, so their reaction under condi- 
tions of collision results in both deformation and restitution, or recoil. In 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 
+ Director, Engineering Research and Advanced Product Study Office. 
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actual collisions of vehicles, it also must be realized that it would be unlikely 
that the structure of one would completely meet with identical structure of 
the other. Even in head-on collisions, it would be rare indeed that the frame 
of one would exactly meet the frame of the other. As a result, we have the 
condition of mutual penetration of vehicular structures. This behavior 
provides distance after initial contact before the vehicles come to rest. 
The kinetic energy of the cars is therefore expended for an extended time and 
the peak forces of impact generated are correspondingly reduced. On the 
other hand, if just one car collides against a barrier that cannot be displaced, 
easily deformed sheet metal as well as rigid structure all come in contact 
with the barrier within a short space of travel. Since the distance of travel 
available for absorbing the total kinetic energy of the car is thereby limited, 
this energy is dissipated in a brief instant and the peak magnitude of the 
generated deceleration force is somewhat higher than in the case of the car- 
to-car collision. In addition, during the car-to-car collision some of the 
energy is expended in rotating the colliding vehicles. Consequently, the 
barrier collision is considerably more severe than the car-to-car type, when 
the available kinetic energy is sufficient to cause the deformation of rigid 
structure. Analysis has shown that a barrier crash at 25 miles per hour is 
about equivalent to a car-to-car collision at 44 miles per hour, in terms of 
force generated in the passenger compartment of the vehicle. The compiled 
results of a series of actual crashes of vehicles demonstrate that, at speeds 
above 5 miles per hour, plastic deformation rapidly rises from about 85 per 
cent to almost 100 per cent at 30 miles per hour. 

It has been observed in a series of car-to-car and barrier collisions that, 
throughout the range of speed, the seat-belt loads on the occupants are 
approximately twice as high in the barrier type of crash as in the car-to-car 
collision. 

The tracing of the accelerometer located in the anthropomorphic dummy 
head shows that, during a barrier crash at 30 miles per hour, forces begin to 
react approximately 40 milliseconds after the moment of contact. The peak 
force is obtained approximately 75 milliseconds later. The interval during 
which this force builds up from approximately 80-G acceleration to 120-G 
deceleration, in this particular case, provides the rate of onset of the decelera- 
tion to which the head is exposed. From a series of such tests, it was observed 
that a rate of 3,000 G’s per second could be obtained during impacts on a 
bare instrument panel at about 20 miles per hour. Energy-absorbing padding 
applied to the instrument panel extended the speed to about 25 miles per 
hour before such deceleration rates were obtained. Of course, such data can 
be misleading in terms of potential reduction of injury. First of all, the 
dummy heads are of cast aluminum covered with a light coating of plastic 
material. It is questionable whether they respond in any way like the living 
human cranium. Although the recorded levels of force show only a small de- 
crease, the important consideration is that the contact against the padded 
panel is not localized, but rather is spread over a considerable area of the 
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forehead as the head sinks into the padding material. In addition, the head 
is protected from contact with torn or deformed metal which can cause such 
serious and disfiguring soft-tissue injuries that so frequently have been the 
result of impacts against unprotected instrument panels. 

Padding of the instrument panel contributes importantly to the preven- 
tion or reduction of injuries to the occupants of the front seat during auto- 
motive collisions. However, the full advantages of such treatment of the 
panel cannot be realized unless these occupants wear seat belts. The seat 
belt holds the wearer in his seat during a collision, restraining the forward 
movement of his body into forward structure. The upper torso is free to 
jacknife forward from the hips and the direction of such movement is guided 
into areas where, if a taller seating individual comes into contact with the 
structure of the vehicle, the blow will be delivered against the most heavily 
padded portion of the instrument panel. Under such conditions only a mini- 
mum of injury can be expected. Whereas, if the occupant is not wearing a 
seat belt, the knees and lower torso could be expected to crash into the face 
of the instrument panel and the head might be hurled against the structure 
of the windshield header, the windshield itself, or possibly into the side door, 
windshield pillar or against another occupant within the car. 
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RESEARCH AND DESIGN TO REDUCE 
LIKELIHOOD OF ACCIDENT* 
ROY HAEUSLER,+ anv JOHN VERSACEt 


Engineering Division, Chrysler Corporation, Detroit, Michigan 


(Received for publication September 10, 1957) 


N Its research and design for safety, the automotive industry has given 
primary emphasis to preventing the accident. Our efforts in this field 
can be summarized as follows: 

(1) Helping the driver to sense the problem of control, as through better 
visibility. 

(2) Helping the driver to inform pedestrians and other drivers of his 
presence, his actions, and also his intentions, as through more effective direc- 
tional signals and other signalling devices. 

(3) Improving the driver’s ability to transmit his wishes to the vehicle, 
as by convenient placement of easy-to-operate controls. 

(4) Improving the vehicle’s response to the driver’s wishes, as by increas- 
ing available deceleration. 

Progress in each of these areas has involved a great many improvements 
in features and functions of the vehicle and its components. No exploration 
here of these innumerable factors could do justice to the adequacy of treat- 
ment given them, or the size of the job remaining to be done. Let us examine 
one facet—that of measurement. 

We can readily agree that scientific progress has to a large degree been 
dependent upon our ability to obtain objective and representative measure- 
ments, measurements that can be verified by other observers, measurements 
that as nearly as possible reveal the whole picture and thereby distinguish 
the exception from the typical. We must encourage on all sides a close ad- 
herence to this essence of the scientific method, as contrasted with the oft- 
revealed willingness to draw conclusions from isolated cases or from non- 
representative data obtained through experiments, demonstrations, or 
events more spectacular than significant. 

In the field of automotive safety reliable measurements can be obtained 
most readily when we concentrate our attention on those facets involving 
only the vehicle, and not the highway or the driver. Let us review a few 
examples of this type of measurement, and at the same time gain an insight 
into some of the industry’s accomplishments. While the data shown are 
related to specific makes and models of vehicles, they are offered as being 
essentially representative of the industry’s progress. 

* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 

+ Automotive Safety Engineer. 

t Research Psychologist. 
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The goal of the first of the four major areas in this field of research and 
design has been the provision of maximum help to the driver in his efforts to 
sense and interpret the control problem as quickly and as accurately as 
possible. Visibility, an obvious factor, involves a number of measurements. 
One of the most important has been the freedom from visual obstruction in 
a horizontal plane through the driver’s eye, as shown in Fig. 1. The clear 
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Fic. 1. Horizontal visibility of driver. 
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Fia. 2. Horizontal visibility of driver. 


spaces available for vision are shown in Fig. 2, as angles appearing in a plane 
view. This comparison calls attention to the fact that substantial progress 
has been made in the 11-vear period covered. Total visibility rose from 264° 
to 307°, out of a possible 360°. Visibility through the windshield rose from 
81° to 115°, and at the same time all disruptions to the continuity of this span 
were eliminated. 

Nighttime visibility has been heavily dependent on lighting of the road 
from headlamps. Fig. 8 provides one measure of the improvement obtained 
through the introduction of a new sealed beam headlamp, less than 2 years 
ago. Better concentration of light and specifically a reduction in stray light 
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through the provision of a cap in front of the filament allowed an increase in 
lamp wattage and the elevation of the low beam to a degree that resulted in 
an 80-foot increase in the distance at which an arbitrarily chosen standard of 
illumination could be maintained. Typically this represents an increase in 
distance of dynamic perception of the order of 20 per cent, assuming clean 
lamps and windshield. 
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Fic. 3. Improved sealed beam headlamps. 
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Fic. 4. Approximate pedal pressure required 
for maximum non-skid stops (32-foot stop from 
30 m.p.h.). 


Fic. 5. Approximate pedal pressure required for 
normal traffic stops (80-foot stop from 30 m.p.h.). 


Another area of research and design for safety—that of improving the 
vehicle’s response to the driver’s wishes—also provides many opportunities 
for objective measurement of performance of the vehicle related to safety. 
Certainly the vehicle’s ability to decelerate is among the most important. 
Fig. 4 illustrates the progress that has been made in terms of reduction of 
force that must be applied to the brake pedal to obtain the maximum de- 
celeration available, as limited by the friction between tires and road surface. 
Briefly, the 162-pound force required by the 1941 ear is in sharp contrast with 
the 40-pound force required by the current model provided with power- 
assist equipment (or “power brakes’’). Similarly, Fig. 5 shows a correspond- 








146 ROY HAEUSLER AND JOHN VERSACE 


ing reduction in brake-pedal effort required to obtain the more moderate 
deceleration needed for a typical traffic stop. Forces are smaller in each case, 
essentially in proportion. Again the point is made that today’s car requires 
less than one-third the effort demanded by the car of 15 vears ago. Fig. 6 
shows a related measurement made with special regard to possible human 
limitation. For this study it was assumed that the driver could not be called 
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Fic. 6. Approximate distance required to stop from 30 m.p.h. witl 
100 pounds pedal pressure (Dodge 4-door sedan data). 


upon to exert more than 100 pounds of force on the brake pedal. Fig. 6 shows 
that with this force the 1941 car would require 58 feet of stopping distance. 
This distance is only 32 feet with the current car with power-assisted brakes. 

The vehicle’s ability to accelerate is another performance factor related 
to safety that has readily been measured objectively. Reduction in distance 
required to pass—that is, reduction in distance travelled on the “wrong” 
side of the road—has been one measure used, as shown in Fig. 7. In the ex- 
ample shown, this distance has been reduced about 25 per cent, or more than 
300 feet. 

Another measure is shown in Fig. 8. The driver crossing the “stop” street 
can gain the protection of an additional clearance of 36 feet, or two car 
lengths, between himself and the oncoming car, if he crosses through traffic 
in a 1956 instead of a 1946 car. This is based on his allowing the same initial 
leeway in each case. 

A third measure of acceleration is the distance required to reach a given 
speed, such as the speed typically maintained on expressways of limited 
access. Fig 9 shows that the entering car of 1946 vintage must wait for an 
“opening” of 700 feet, half again as large as that required by the 1956 car. 
With such a 700-foot leeway—and with the steady increase in traffic density, 
such gaps are more and more rarely encountered—today’s car can enter from 
a standing start and reach traffic speed in time to maintain a clearance of 
256 feet from the car to the rear. Even with the 700-foot initial gap, the older 
car’s acceleration would not be sufficient to permit its entry from a standing 
start without interference with oncoming traffic. Obviously there is im- 
portant advantage in supplementing the improvement in performance of 
the vehicle with acceleration lanes at expressway entrances wherever such 
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DISTANCE ON WRONG SIDE OF ROAD 
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Fic. 7. Power means greater passing ability. 
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extra lanes can be accommodated and paid for. The traffic control engineer 
has also given the motorist some help in this program by allowing him to 
enter the expressway without stopping, though in some cases this may 
demand even greater alertness and judgment on the part of the driver. 

We tend to accept these benefits of increased acceleration only with res- 
ervations. We know, for example, that some of this improvement in 
acceleration has been gained through the increase in engine power, and we 
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know that while top speeds have not increased at all in proportion, there 
have nevertheless been increases. We recognize the possibility of increase in 
highway speeds that might plausibly result. In short, we cannot confine our 
attention to the car’s capability but must also obtain measures of the manner 
in which it is used by the driver on the highway. One such measure is offered 
by the U.S. Bureau of Public Roads, who have been collecting data on the 
average speed of vehicles from some 30 states. These data are obtained under 
conditions of minimum restraint of speed. Measurements are obtained by 
radar concealed from the driver’s view, with no enforcement or threat of 
enforcement involved. As nearly as possible, straight stretches of open high- 
way are chosen, away from intersections, reduced-speed or speed-control 
zones, commercial establishments, and other possible inhibitors. The results 
obtained under these conditions are shown in Fig. 10. Car speeds have re- 
mained almost constant over the 10-year period shown, despite the fact that 
during the latter half of this period engine horsepower was almost doubled. 

Even so, there is still room for doubt. Admittedly there are still many 
1950 and earlier models of cars on the road, possibly diluting the effect of the 
introduction of higher-powered cars, and admittedly the average speed did 
increase a small amount. 

The work done by Robert Schmidt, of Yale University and the Eno 
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Foundation for Highway Traffic Control, sheds further light on the subject.* 
Again several thousand vehicles were observed under conditions of minimum 
inhibition of speed; but in this study additional information was noted, 
namely, the make and model of each car observed. Through reference to 
published ratings of horsepower of the various makes and models, it became 
possible to sort the data into groups based on horsepower, as shown in Table 
1. Confining our attention at the moment to columns IT and IV, the average 


TABLE 1 


Various speed values by horsepower groups 
(Location A—level tangent)* 


I II Il IV 


Under 100 H.P. 100-130 H.P. 130-170 H.P. Over 170 H.P. 
Number of observations $73 1222 410 144 
Maximum speed 73 76 75 71 
85% speed 61.1 63.0 63.2 63.2 
Average speed 54.9 56.6 57.3 57.3 
Median speed 54.9 56.4 57.4 57.2 
Modal speed 57.1 57.1 60.0 57.1 


* Source: Eno Foundation for Highway Traffic Control. 


speed at which the highest-powered cars were being driven was substantially 
the same as that of the cars in the 100-130 horsepower class. Among the three 
measures of central tendency shown, the averages showed the greatest differ- 
ence, vet this difference was only 0.7 mile per hour. The speeds at which cars 
of intermediate horsepower were being driven were essentially in line. Only 
the low-powered group of cars shown in column I were being driven more 
slowly. Here again the averages showed the greatest spread, 2.4 miles per 
hour. It must be recognized that this group contained most of the older cars, 
and this may have had a bearing on the speeds at which those vehicles were 
driven. 

What about the fastest drivers? Did they drive high-powered cars faster 
than low-powered cars? The 85th centile figures certainly offer no support to 
this belief; except for the lowest-powered group, the spread is only 0.2 mile 
per hour. Even the maximum speeds observed showed no trend whatever, 
though for all groups, even the lowest-powered, speeds in excess of 70 miles 
per hour were observed. 

Recognizing that these data have seemed surprising to many, we have 
not been content to rest on the evidence. We have recommended that fur- 
ther studies of this type be conducted, in other parts of the country and by 
other observers. We have had assurance that such studies will receive favor- 


* Highway speeds vs. horsepower, by Robert E. Schmidt. Published in the July 1954 issue of Traffic 
Quarterly. 
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able consideration in the program of highway safety investigation now being 
set up by the Bureau of Public Roads of the Department of Commerce, under 
Mr. Charles Prisk. We have also requested that the Cornell University 
Medical College Automotive Crash Injury Research Program conduct a 
closely related study. In the meanwhile we must recognize that the available 
data do not support the assumption that horsepower increases have resulted 
in increases in highway speeds. 

The studies we have just reviewed reveal the tremendous importance of 
getting measurements of performance of what may be regarded as the final 











Fic. 11. Beam pattern (Chrysler simulated radar brake study). 


assembly: the vehicle, the highway and the driver. It is not at all acceptable 
to know merely what the vehicle can do; we must know what the driver 
actually does with it in representative traffic situations. Further appreciation 
of the importance of this approach was gained in the course of the Chrysler 
Corporation exploration of the possibilities of automatic brake control, as by 
radar, for example. 

Automatic control of the vehicle’s brakes, such as would cause their 
application in time to avert collision, has long appealed to popular fancy. 
The technical problems, though by no means small, could be recognized and 
could certainly not be regarded as insoluble. By far the most important 
questions centered around the results of interaction of the automatically 
controlled vehicle with the other elements of the final assembly —the driver 
and the highway. 

A careful analytical study was made by Chrysler research engineers 
Lewis, Loeber, Platzer and Gau to determine the operating characteristics 
desired and to ponder the compromises that would have to be accepted if un- 
wanted brake applications were to be avoided. This study led to the tentative 
selection of a control pattern that seemed most feasible. Fig. 11 shows the 
radar beam pattern contemplated and suggests the type of situations to 
which the system might be expected to react. With its outer edges essentially 
parallel to avoid response to parked cars and others in parallel lanes, such a 
radar beam could be expected to pick up only such impedimenta as were al- 
ready directly in front of the car. Further compromises of this type were 
necessary, and the resulting limitations upon response of the vehicle could 
readily be foreseen, at least for the more frequently encountered traffic situa- 
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tions. The predicting of the driver’s reaction to such control and to a car so 
controlled was a more difficult task. It could not be safely assumed that 
such control would be entirely advantageous, especially since admittedly 
the automatic system could cope with only certain types of emergency situa- 
tions, and the driver would have to remain alert to take over for the rest. 
It was therefore decided to build a simulator for this express purpose of ex- 
ploring human reaction—we wanted to determine how people driving such 
a car would behave and we also wanted to get expert opinions from a cross 
section of experienced automotive engineers, all in an effort to determine 
whether drivers could be expected to appreciate and gain safety from such 
superimposed control. 

The simulator used for our investigations consisted of an actual car that 
was provided with an overriding brake control which was operated just 
as might be expected of the finally engineered version. This simulator car 
was driven in city and suburban traffic by each of ten experienced drivers 
after an adequate explanation of the action of our simulated automatic 
control system. The owners were cautioned that they remained fully respon- 
sible for the vehicle’s safe operation, but that within this limitation they were 
permitted to explore the possible benefits and deficiencies with regard to 
both safety and convenience. The experimental procedure was to record the 
reactions and opinions of each driver in a random cross section of traffic ex- 
perience. As nearly as possible all pertinent responses were recorded; every 
effort was made to avoid inadvertent bias, a serious risk in any such in- 
vestigation, despite the observers’ intent to be completely impartial and 
objective. 

The following represent some of the most indicative observations ob- 
tained through the study. 

(1) Even assuming perfect electronic, hydraulic, and mechanical opera- 
tion in complete accordance with the operational objectives set up initially, 
our simulated control system would still pick up signals that would result in 
undesired applications of the brakes. As suggested in Fig. 12, the automatic 
control system “‘sees” a potentially dangerous situation but has no way of 
modulating this information by any measure of the seriousness of the threat 
or by the consequences of the action it is about to dictate. Here the lesser 
of two evils might consist of avoiding application of the brake rather than 
greatly increasing the risk of rear-end collision. This shortcoming of the sys- 
tem’s performance could certainly be foreseen; experience with the simula- 
tor provided vivid illustration of its seriousness. 

(2) It became immediately apparent that our simulated automatic brake 
control was unintentionally being called into play during what was regarded 
as normal driving, as, for example, by failure to maintain the recommended 
spacing between cars of a car length at 10 miles per hour, or 60 feet if 
travelling 30 miles per hour. Surprisingly, instead of encouraging the driver 
to increase his spacing with other traffic, this unexpected application of the 
brake seemed to entice the driver to let the automatic system “take over.” 
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As the result, a number of potentially dangerous situations developed (Fig. 
13). For example, the driver would let the automatic control bring our car 
4 to a stop at a traffie light whenever another car 5 had to stop in front 
of him. He would then tend to forget that the automatic control could not 
bring our car 3 to a stop at a traffic light when it was the first car at the 
light. 

For another example, also suggested in Fig. 13, the driver would let that 
automatic control bring our car 2 to a halt behind someone standing in 





Fic. 12. Automatic brake-control problems Fic, 13. Automatic brake-control problems 
in traffic. in traffic. 


position to make a left turn. Car 1 in front would complete its turn as the 
light changed to red and our controlled car would then start to move out 
into the intersection, against the red light, since the source of the warning 
signal was now suddenly gone. 

(3) In some cases the driver would unconsciously fight the automatic 
control. As he approached a moving car or a car stopped at a light and the 
brake began to be applied, he would step down further on the accelerator 
pedal, wanting to close in more directly and more promptly with the car in 
front. In some instances he might feel obliged to do this even consciously in 
order to counteract what seemed to him to be undesired application of the 
brake. 

(4) Most illuminating and of transcendent importance was the emotional 
reaction to the car’s crude efforts to substitute for the human brain. Most re- 
actions reflected lack of confidence, increased anxiety, and confusion, par- 
ticularly when the automatic system took control under conditions in which 
the driver, thinking ahead of the immediate situation and being able to 
exercise Judgment, did not want braking to occur. Most drivers criticized our 
system on the ground that human responses, far from being simplified, were 
actually made more complex because of a continuous need to distinguish the 
situations in which our automatic system would assume control from those 
in which it would not. There was substantial concern that the device would 
actually become a safety hazard. 
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It was clear that the results of these investigative techniques had de- 
termined the course of our program. The electronic and mechanical problems 
might be brought well in hand, but the complexity of the traffic problem and 
of the associated human responses would indefinitely postpone the develop- 
ment of an entirely acceptable automatic brake-control system. 

In summary, major progress in automotive research and design for safety 
has been continued in the four major areas devoted to minimizing the likeli- 
hood of accident. Evidence of improvements in visibility and responsiveness 
of vehicle in terms of deceleration and acceleration is offered. The need for 
reliance upon valid data rather than “plausible” assumption is emphasized. 
Further illustrations are offered to establish the importance of basing final 


judgment not upon mere measures of capability of the vehicle but rather 


upon the interaction of vehicle, driver and environment. 








INSTRUMENT PANEL IMPACTS AND SNUBBING 
DECELERATION TESTS* 
HOWARD k. GANDELOT?} 
General Motors Corporation, Detroit, Michigan 


(Received for publication September 10, 1957) 


S PART of the automotive industry’s presentations at the meeting of the 
Harvey Cushing Society, Mr. Gandelot showed a motion picture to 
illustrate the various testing techniques employed through the years in 

the study of safety of motor vehicles as related to accidents. 

This film was comprised of a series of short sequences clipped from the 
actual films of engineering tests. The first of the series showed a roll-over test 
made in 1923. The initial roll of the car was induced by means of an involute 
spiral ramp, constructed with wood planks, and the natural hillside terrain 
raused the car to continue rolling over. 

The next sequence showed a second roll-over technique, used twenty-two 
vears ago, with a driver in the test car who executed a maximum turn, de- 
signated as a J-turn, on soft ground so that the front wheels dug into the 
earth and caused the car to roll. Because of the desire to do roll-over testing at 
higher speeds, and since this technique then might precariously involve the 
personnel, it was superseded by the ramp method of inducing roll-overs. 

The motion picture included a number of sequences showing cars being 
rolled by the ramp method. A tow car, by means of a specially designed tow 
bar with an automatic uncoupling arrangement, pulled the test car along at a 
speed of 50 miles per hour. The tow car was disconnected automatically as 
the left front wheel of the test car approached a 4-foot high wooden ramp. As 
a result of the two left wheels of the test car climbing the ramp, the car was 
pitched high into the air. This initiated rotation of the car and caused the 
roll-over. In several of these sequences the test car rolled over a number of 
times after it landed on the ground. 

Four successive film sequences showed roll-over tests made on a 1929, 
a 1936, a 1941 and a 1956 automobile of the same make which enabled good 
comparison of the body structures under such punishment. The 1929 car, 
which had a composite wood and steel body, had the upper portion almost 
completely disintegrate as a result of the roll-over. The tests on the later 
models showed that there has been consistent improvement in design. 

When the 1956 car went through this ramp type of roll-over test at 50 
miles per hour, even the doors in this welded, all-steel body remained fully 
latched, principally because of the interlocking safety-type door locks 





* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 
+ Engineer in charge of Vehicle Safety Section. 
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adopted in 1955. This was a rather dramatic demonstration of the improve- 
ment in safety that has been made in the structural strength of automobiles. 
Had there been occupants in the automobile it was obvious that they would 
have had substantial protection compared to what the situation might have 
been with the 1929 car which, at that time, represented good, conventional 
body construction. 

Another illustration of the ramp type of technique showed that even 
though this method had proven highly successful in causing cars to roll, one 
or more times, there is no assurance that this technique will always work on 
present-day designs because it showed that the car rotated only partially, 
landed on its side and slid along the road. 

The next two techniques for testing the safety of automobiles illustrated 
a method used for crashing an automobile into a concrete barrier and a car 
traveling at 30 miles per hour being impacted into the right corner quarter 
of a parked car. Anthropometric dummies and instrumentation for measur- 
ing deceleration rates and crash forces and obtaining other test data are used 
in this type of testing. The various pick-up devices are connected to a multi- 
channel recording oscillograph in the instrument car by means of trailing 
electrical cables. 

One interesting point was that although the front-end structure of 
present-day automobiles has greatly increased strength and rigidity it also 
has good characteristics of absorbing crash energy. In the barrier crash test, 
it was explained that deformation distance of the front bumper and grille 
and crumpling of the front end sheet metal, amounting to only slightly over 
1 foot, reduced the rate of deceleration in the passenger compartment prac- 
tically 50 per cent. Compared to that close to the front end of the vehicle, 
this absorption of energy with reduction in the deceleration for the passen- 
gers during impact is of considerable importance in helping to reduce the 
extent of injury. 

The next testing technique illustrated was that of a newly developed 
snubber-testing procedure by which comparative tests at various pre- 
determined rates of deceleration can be made without structural deforma- 
tion of the test car. This enables the engineers to obtain good comparative 
data in the testing of such safety equipment as seat belts and padding of in- 
strument panel. 

The test car, which is towed by another automobile, is attached by means 
of a cable to a huge twin-cylinder hydraulic snubber which is capable of 
stopping the test car within a distance of less than 2 feet. This snubber has 
been tested at crash deceleration rates as high as 34 G’s. Anthropometric 
dummies were used in these tests and the tests were run with and without 
seat belts and shoulder harnesses in an effort to learn more about their pro- 
tective value and also the deceleration and force values acting on the instru- 
mented dummies under the various test conditions. 

This technique also is a valuble aid in testing anchorages of seat belts 
under dynamic loading. These tests supplemented the laboratory static 
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tests made on anchorages of seat belts with the body of the car bolted to a 
large bed plate and a 43-ton load applied through a whippletree arrangement 
which subjects each pair of anchor brackets to a 3000-pound load. 

The concluding sequences of the film showed a series of ground roll-over 
tests induced by a new technique which utilizes a special arrangement of the 
braking system to apply the brakes and lock only the two left wheels of the 
automobile as it is released from the tow car after a stabilized roll-over speed 
of 50 miles per hour has been attained. 

In most of the test sequences, that portion of the film taken with stand- 
ard motion-picture cameras was followed by photography made with high- 
speed cameras. The films in slow motion serve as a valuable aid because 
they enable the engineers to study actions that occur too quickly for the 
human eve to catch. Frame-by-frame analysis of such film also provides im- 
portant data for the automotive engineers engaged in testing the safety of 
vehicles. 

DISCUSSION 


Dr. NATHANIEL R. Houurster: My remarks will be confined to one aspect of this subject: 
the mechanism by which the minimal force acts to produce the chain of physiologic events 
loosely referred to as “concussion.” This may seem like a very small part of the whole subject 
but since a large part of our interest here has been on protection against “‘concussion”’ and 
its various accompaniments, this protection can hardly be any more effective than our under- 
standing of all of the force vectors in the total picture. I shall try to explain in the few mo- 
ments allotted why I find unacceptable the picture here presented of the mechanics of 
“concussion” and will suggest an additional avenue of study which I think will considerably 
broaden the experimental approach to the whole subject. 

Dr. Gurdjian and his associates have constructed a picture or a map from which the final 
conclusion is extracted that “‘concussion” results from pressure changes within the cranium 
variously resulting from acceleration and deceleration and deformation of the skull. These 
pressure changes are pictured as rising steeply within the cranium following a blow; it is 
postulated that there is no such build up within the spinal canal, although this has not been 
experimentally verified, and on this supposition it is further postulated that shear strains will 
exist through the brain stem resulting in the physiologic event of “‘concussion.”” It is not my 
purpose to question the statements of fact which Dr. Gurdjian and his associates have 
presented but I think it would be foolish not to wonder on what grounds Dr. Gurdjian can 
substitute his map for the whole territory of the effect of trauma on the head in producing 
“concussion” when it actually represents only one tiny portion. 

Let us go quickly over some of the outlines of Dr. Gurdjian’s map that is now assumed 
to represent head trauma. The skull is trephined and a tap is threaded to which is attached a 
pressure gun. Through this a blast of air is forced against the dura mater for a measured 
period of time. Gone completely are acceleration and deceleration and deformity of the skull. 
In their place we have an unmeasured volume of air thrust into the skull which undoubtedly 
does tend to extrude the unresisting but not uncomplaining brain stem downward through 
the foramen magnum. Actually, Dr. Gurdjian has two maps that he uses at different times 
which might be separately labeled Gurdjian Map 2, air blast, 1956, and Gurdjian Map 1, ball 
peen hammer, 1954. The total incongruence of Map 2, air blast, 1956, and an actual blow to 
the intact animal! seems so obvious that proper labeling of the map would make it impossible 
to substitute the map for the territory (although this mistake has already been made). Map 1, 
ball peen hammer, 1954 sounds a little more like a clinical type of problem but closer inspec- 
tion shows that Map 1, ball peen hammer, 1954 was abandoned by Dr. Gurdjian ef al. after 
it had served the purpose of disposing of the Denny-Brown and Russell acceleration hypothe- 
sis—and it was abandoned by its own authors because it was unreliable—the animals fre- 
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quently requiring 3 or 4 successive applications of Map 1, ball peen hammer, 1954, before 
succumbing, whereas they routinely entered the concussed state with one application of 
Map Q, air blast, 1956 at 40 lbs. per sq. in. pressure. Experimentally admirable as long as the 
semantic error of substituting Map 2, air blast, 1956 for the whole territory of head trauma 
is not committed. 

Denny-Brown and Russell commented at length upon the difficulty of concussing an ani- 
mal whose head was rigidly supported. This led to a division between acceleration and com- 
pression concussions which so far has led nowhere. 

For a number of reasons, mainly reproducibility and ease of mechanical recording, a sur- 
prisingly large proportion of recent work has been done on the fixed head though this is an un- 
natural situation and completely removes from consideration the possibility that the reason 
the movable head is more easily concussed than the fixed one might be that in movement 
following the blow a critical factor might be sudden distortion in the relation of the head to 
the neck at the atlanto-occipital junction. 

This avenue has been vigorously explored though only very incompletely over the past 
8 years. It has been determined that cats supported in the manner shown [slide] and dropped 
30” will be concussed 9 out of 10 times. It is our contention here that a vigorous blow is struck 
to the base of the skull and an additional jerk is given to the neck. In our second experiment 
[slide] cats are similarly supported, but in addition a tetanizing current is applied to the 
cervical muscles. Animals given a 30” drop under these circumstances are completely protected 
as far as the usual criteria of concussion are concerned. Our instrumentation indicates that 
comparable blows are being delivered and that equal pressure changes and gradients therefore 
exist. The difference then lies in the relationships at the atlanto-occipital junction. These 
maps labeled Map 1, vertical drop muscles relaxed, 1957, and Map 2, vertical drop, muscles 
spastic, 1957, effectively establish that for that portion of the territory that they truly repre- 
sent, pressure, dynamic or otherwise, can be cancelled out and is less important than stretch. 
One further effort to generalize our present maps has been to prepare cats as shown [slide] 
and subject them to a 30” vertical drop having climinated the closed cavity dynamics of the 
head by removal of calvarium and opening of dura mater. Such cats respond to a single 
application of Map 1, vertical drop, muscles relaxed, 1957, in a manner similar to intact 
animals. Numerous other experiments attempting to test the generality of the stretch hy- 
pothesis are in progress. Our only final conclusion is that a closed mind with regard to the 
mechanics of concussion cannot at this time be justified. 

I know perfectly well that when Dr. Gurdjian looks at a patient who has suffered a recent 
blow with loss of consciousness he does not say to. himself “this man has had a hole in his 
head through which air at 40 Ibs. 01 more pressure per sq. in. has been forced for a measured 
time resulting in downward displacement of his brain stem with resulting shear strains lead- 
ing to his concussed state.’ However, I do think that in his effort to perform a pure experi- 
ment he has established a train of reasoning leading to an attractive conclusion, and by failing 
to constantly warn the unwary of what his previous and at times unvoiced assumptions are has 
led many people to subscribe to the above rather odd formulation without recognizing that in 
accepting the conclusion of his pressure-time hypothesis the totality of his Map 2, air blast, 
1956, must be accepted along with it. 


Dr. A. Eart WALKER: It is indeed gratifying to hear of the advances made in the attempt 
to decrease traumatic brain disorders. Of these measures I shall make no further comment 
other than to thank and congratulate the speakers on the excellency and clarity of the 
presentations. 

Dr. Gurdjian, who has so efficiently chaired this symposium, has asked that I stay within 
four or five minutes, hence I shall say only a few words about some of the physiological 
mechanisms in cerebral trauma. Time prevented him from detailing the deficiencies of record- 
ing apparatus prior to 1940, so that rapid changes and stresses could be demonstrated. Up 
until that time rubber tambours were used, which were quite inadequate because of their 
periodicity to demonstrate the rapid changes that Dr. Gurdjian has shown. 

These stresses which occur to the calvarium and to the intracranial contents are not the 
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same. Those of the skull do not necessarily parallel those of the intracranial cavity. Thus an 
explanation is afforded for the lack of loss of consciousness in approximately 25 per cent of 
penetrating wounds of the skull, for a portion of the skull may be removed before the pressure 
gradients traversing the intracranial cavity through the brain have had time to reach the 
opposite side, and hence there is no opportunity for concussion to develop. 

This brings up the term “concussion” which has already been mentioned by the previous 
discussant. I think this needs some comment, for it is perfectly obvious to any one who has 
worked in the field that the phenomenon being studied by Dr. Gurdjian and Dr. Ward is that 
of concussion as applied essentially to a decerebrate animal. One can demonstrate this very 
readily. The same criteria, namely, apnea, rise of blood pressure, loss of corneal reflex, may 
be obtained in a completely decerebrate animal as can be obtained in an animal with the 
brain intact. So that the phenomena being studied are simply those, I think, of concussion of 
the brain stem. 

This definition of concussion is probably quite adequate for physiological investigations 
in which one wishes to rely upon certain physiological criteria as an indicator for the degree 
of damage to the central nervous system at a physiological or anatomical level, such as was 
shown by Dr. Chason. 

However, clinically concussion is quite different. The studies of Courville and many 
others have indicated injuries to the inferior frontal and anterior temporal regions are very 
commonly present and not necessarily associated with loss of consciousness, nor necessarily 
associated with a rise in blood pressure or apnea at the time of injury. Such individuals may 
be temporarily confused, and it is quite possible that that confusion and, in fact, the post- 
traumatic confusion which we see in patients having suffered injuries of the brain is caused 
by the damage to the hippocampus or amygdala on the medial aspect of the temporal lobe. 
For we now know from physiological studies that acute injuries to these structures, either 
anatomical or physiological, such as seen in psychomotor epilepsy, give rise to such confused 
states. Accordingly, it seems very important to consider not only the general phenomenon of 
brain-stem concussion but also the locus of the injury to the brain. 

I think the engineers working upon devices to minimize cerebral trauma will have to keep 
in mind in the future that the position of the head at the time of impact may be a very im- 
portant consideration in whether or not there is damage done not only to the brain stem but 
also to the inferior surface of the frontal lobe and the anterior temporal lobe. 


Mr. Larry NAGuer (American Motors Corporation) : In designing cars we recognize some 
changes may be practical or desirable to minimize injury. However, one very important factor 
is almost invariably overlooked by people outside our industry who submit ideas to us for 
improvement from a safety standpoint. These factors include those of an economic nature, 
although closely related are those affecting public acceptance of the vehicle. 

The industry has found out over the period of many years (Henry Ford was a major 
example back in the middle twenties) that the industry can offer car features but the public 
will not necessarily buy them, even though these features may be good in the over-all picture. 
The Model T Ford probably from the over-all viewpoint was a good car for the people, but 
the American public have some very definite ideas of what they want and will buy. Some- 
times they will reject features on cars that may be good—a safety belt for example. We at 
Nash found this out to our sorrow back in 1949 and 1950 when we introduced about 50,000 
seat belts as standard equipment in certain models of cars. I would venture a guess that 
49,900 of those belts were cut out of the cars, or ended up their normal life lying idle on the 
rear floor of the car, or under the front seat. The public acceptance of seat belts is now 
somewhat improved but they still represent a very important economic and adverse factor 
in public acceptance. 

One more recent example commonly suggested to us is that the automobile industry raise 
the height of the front-seat backs or else provide head rests to prevent the neck whiplash 
action. People from outside think this is a very simple thing to do. It isn’t quite as simple as 
that. We recognize a higher seat back may do some good under certain circumstances. It can 
be a definite improvement in controlled experiments. However, no one has come up with a 
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good idea, either inside or outside the industry, how this can be done without serious inter- 
ference with the vision of the driver and other passengers. 

In American Motors we probably have the greatest incentive to provide a higher seat 
back because that would very definitely improve the utility or public acceptance of our re- 
clining seat which is an important factor in passenger convenience and comfort. However, we 
have not yet been able to come up with a good idea how a higher seat back can be provided 
without the obvious disadvantages. 


Mr. D. J. Scurum (Studebaker-Packard Corporation): From the standpoint of the auto- 
motive safety engineer one of the most significant aspects of the detailed discussion of head 
injuries we have heard today is the recognition that all of the types of injury described can 
be produced in automobile accidents. This includes the full range from crushing, as in total 
collapse of vehicle structure, or crushing under the vehicle itself in cases in which the victim 
is thrown out, to the penetrating type, associated with other lethal weapons, such as bullets 
and stilettos, produced by protruding controls, levers and metal or glass fragments. This fact 
is supported by the data gathered on the highways and correlated by the Cornell Medical 
School Crash Injury Research group under John Moore. The statistical evidence produced 
by the field investigators and the medical people who correlate specific injury patterns with 
specific accident patterns is the basis on which the safety researcher in the automobile indus- 
try must work. 

The presentations by Mr. Gandelot and Mr. Haynes show how the industry, using more 
expendable subjects, is doing a thorough job of studying crash survival methods in the vehi- 
cle. While there is some conjecture as to the speeds at which it may ultimately be possible 
to survive a crash, present work is aimed at the so-called low-speed range below forty miles 
per hour, at which a conspicuously high percentage of fatalities and serious injuries occur 
with sometimes relatively minor vehicle damage. Energy-absorbing padding at critical points 
has been provided by the various manufacturers on the basis of convenience in design and 
manufacture, aesthetic appeal and within the limitations of economic considerations with full 
knowledge that much more could be done. Energy absorption can be readily evaluated and 
crash protection can be designed to any reasonable absorptive value although size might 
render it impractical. But still lacking is a set of basic design values for human tolerance in 
the survivable range. That is the area in which the engineer must still hypothesize. 

Prominent in Mr. Haeusler’s discussion is the effort to relieve the driver of part of his 
responsibility. Since transportation was deprived of the basic animal instinct of the horse, 
control of the vehicle has been the sole responsibility of the driver. He must know where he 
is going; he must control his vehicle within the requirements of existing and transient condi- 
tions en route; and he must know the limitations of his vehicle in order that he can retain 
that control. The Chrysler work will serve as proof that for the foreseeable future we must 
contend with human inability and incompetence in vehicle operation and expect a continua- 
tion of accident situations. For that reason our efforts towards crash protection must con- 
tinue, hand in hand with continued development in operational simplification and expedition 
and the requirements for a better working basis for such design will grow. As engineers we 
would be presumptuous to assume facts in the medical field to guide us. It therefore behooves 
all of us in both engineering and medicine to look to each other for assistance and guidance. 
The medical profession can serve in two ways—first by evaluating the efforts of the auto- 
mobile industry as indicated by trend changes in injury pattern with the later model cars 
and second as advisors based on research programs in the field of physical tolerance to de- 
celeration and impact. 

The engineers are continually striving for improvements and with the growing concern of 
the car buyers for safety, acceptance of new ideas is improving. The future will bring many 
innovations that might not even be possible today. 


Lr. Coronet Joun P. Stapp (M.C. USAF): In reading Dr. Gurdjian and Webster’s 
paper, I gathered that the experiments performed there were to be interpreted in terms of 
experimental procedure and conclusions related to experiments and were not being set forth 
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as universal explanation for mechanism of brain injury, and that each experimental procedure 
by ballottement of the brain with air or by combined bulking hammer blows merely sought 
to reproduce the physiological responses and anatomical trauma that have been found in 
accidents. I have seen those accidents and realize almost any mechanism that you might 
attempt to use would correspond to some accidental situation. 

I have a few, perhaps many, questions. One, I would be very interested in knowing what 
could be learned by determining action potentials of significant peripheral nerves, such as the 
vagus, and adding to that the experimental procedures already used. 

Second, I would be very interested in knowing what the rates of onset of pressures or of 
hammer forces would be because some slides indicate conclusively the third derivative of 
motion, the rate of build-up, relates directly to injury and death. Although this applies to 
other tissues, in our experiments, which are a little more fallible than brain tissues, neverthe- 
less it would be of interest to find what the corresponding situations would be for the brain. 

Third, there is a type of brain injury in aviation situations that results from a very high 
abrupt rise in hydrostatic pressure within the circulation of the brain. This is the negative-G 
position, so-called, in which linear force is applied from rump to head and raises the intra- 
cranial pressure. I think it would be very instructive to reproduce that procedure—rise of 
pressure and hydrostatic pressure in brain and arteries of the head and make measurements 
of what happens. 

Another mechanism of injury is produced by abrupt bending at the neck and transmission 
of bending force as hydrostatic pressure rises to the brain. We found some evidence of that 
in our work. 

The problem of how much a man can survive, how much he can volunteer to tolerate 
should be given consideration, too. 

[Slide] These are oscillograph tracings of forces measured in G's during deceleration from 
154 miles an hour to 34 miles an hour. The accelerometer on the chest gave this 46.2 G at a 
rate of onset of 500 G per second. In a tenth of a second, it goes to a peak that lasted about 
.04 of a second, and the decay, which is not too important for the total operation, was nearly 
.05 of a second. 

The subject had the head and neck free to rotate forward and the head rotated through 
54 degrees of arc. The result was no immediate impairment but, within 18 hours, there was 
appearance of retinal hemorrhages on a Purcher’s syndrome type of mechanism and concus- 
sion type of headache lasting approximately 35 hours. This was considered a limit for volun- 
tary tolerance. 

[Slide] Here are the factors that we consider important in analyzing an oscillograph tracing 
taken from this type of record. One, rate of onset. You take the time from initiation of force 
to reach the peak, divide the force by the elapsed time, and get the third derivative of motion, 
or jolt. Then we consider the plateau which is the duration above some chosen level, and then 
we consider the total duration. 

[Slide] Here is how we apply information gained from the 8000-pound or 46.2 G-stop, 
which we described. The actuality was that the sled went from 154 miles an hour to 34 miles 
an hour in 31 feet. That is 120-miles-an-hour loss of speed. If we would take the equation: 
acceleration is equal to the velocity squared over two times the gravity times the stopping 
distance, and if we were to assume a 4-ton force and a 120-miles-an-hour stop to zero, the 
stopping distance reduces to 19 feet. If we were to assume a 60-mile-an-hour velocity with 
the same force, then the stopping distance shortens to 3 feet. Therefore, a 60-mile-an-hour 
stop in 3 feet is survivable with very little injury of consequence, and a man can walk away 
from it immediately, if he were properly restrained by webbing harness. 

[Slide] Now, vou might want to know what kills. This takes a much more difficult type of 
experimentation. Here we had to use 54,000 pounds of thrust on the sled in order to accelerate 
to a velocity of 1190 feet a second. We had the sled stop in about 220 feet from 650 miles an 
hour. Here is what happened: We used duplicate accelerometers on the chest and on the chas- 
sis of the sled. You can see that the duration above 100 G’s is approximately .07 or .08 of a 
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second. The rate of onset from here to here was on the order of 10,000 G’s per second on the 
sled and 11,000 G’s per second on the subject, but the subject overshoots. 

The first large peak of 242.5 G, translated in pounds of force equals 12 tons on this 
100-pound chimpanzee in approximately 25 or 30 milliseconds, oscillating at 40 cycles per 
second. This caused petechial hemorrhages to the heart and hemorrhages to the lungs and 
death within 4 hours in circulatory shock. 

[Slide] However, if we take the same 100 G’s on the sled but apply the force much more 
slowly, our configuration was 2000 G’s per second; on this subject we got 3500 G’s per second 
rate of onset, and the peak was only 147.5 on the initial impact, and the duration at about 
100 G’s was a little bit longer; but the effect was moderate injury instead of death. 

I don’t have the time to show you numerous other slides we have, but I can tell you the 
amount of injury at 100 G’s at 2000 G’s a second was much less than for 80 G’s at 10,000 
G’s per second rate of onset or 60 G’s at 40,000 G’s rate of onset or 80 G’s at 20,000 G’s per 
second rate of onset. This rate of onset, at which tissues accelerate against their own inertia, 
seems to be a dominant factor in the matter of injury. 

The final observation I wish to bring to your attention is that the margin between lethal 
injury and the force exposures encountered in automobile crashes gives us great hope for 
prevention of injury and survival of people who are properly restrained by adequate webbing 
lap belts. 


Dr. Gurpstan: I think I would like to amend Dr. Hollister’s comments by saying that 
injury to the central nervous system can occur by various means, including stretching. But 
with blunt wounds of the head it appears as if pressure gradients are quite important. 

In a patient who was found dead at the scene of the accident, there was no fracture. 
There was no bloody spinal fluid. There were no hemorrhages in the intracranial space, except 
that on section of the brain, in a coronal direction we found hemorrhages in the brain stem. 
These hemorrhages were in the more central portion in the brain stem and if they had been 
caused by any stretching or tearing or bending of the tissues from side to side, such as in 
hyperextension or hyperflexion or some other type of bending movement, the hemorrhages 
would have been more lateral than in the center. Being in the center as they were suggests 
pressure effect. Of course, as Colonel Stapp mentioned, there must be various mechanisms of 
injury. There is no question that the arousal state is influenced by supranuclear effects, such 
as on the limbic lobe and deep temporal lobe as well as other places (anterior hypothalamus), 
as Dr. Walker brought out. 
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HE TREATMENT of craniocerebral injuries has been improved consider- 

ably during the past twenty vears thanks to the development of new 

techniques of examination, a better understanding of the possibilities 
and indications for surgical intervention and the correction of neurovegeta- 
tive derangements and of respiratory and metabolic disturbances. However, 
there are still unsolved problems in this field and perhaps therapeutic hypo- 
thermia may provide the solution for some of these. Since the end of 1951 we 
have treated patients with craniocerebral injury with hypothermia. This 
form of treatment was created in 1941 in the United States by Fay‘ and re- 
introduced in France by the authors in a different form, inspired by Laborit 
and Huguenard.’ It has often been criticised but has been adopted by many. 


I. THE PROBLEMS THAT ARE RAISED 


1. Anatomicopathological Data. The traumatism produces lesions about 
which reactions develop. The different phases of this process follow each 
other and are interwoven. The reparatory phase, not always achieved, follows 
the others. 

The lesions are seldom unique and limited, but on the contrary are usu- 
ally multiple and dispersed through different levels. 

The perilesional reactions, often extensive and durable, play a part in the 
evolution of the disease which is often important and lasting. They are by 
definition reversible, if treated early. If they are prolonged they result in 
irreversible secondary lesions (epilesions) which may cause death. (a) The 
reactions at the cellular level are associated with a hypercatabolism of the 
proteins and hydrocarbons, a hyperpermeability of the cellular membranes 
with a loss of potassium from the cells and a retention of hydrosodium. (b) 
The vasomotor reactions may produce a local asphyxia followed by vaso- 
dilatation and vasoplegia, hyperpermeability of the capillaries and dia- 
pedesis. Vasomotor disturbances tend to extend like a spot of oil and often 
end in generalized vasomotor disturbances with serious reactions in the brain 
stem. (ce) The general cerebral reactions develop from the interstitial edema 
produced by the vasodilatation, with extravasation of plasma and variable 
degrees of cellular infiltration. 

* Translated from French and edited by Dr. Percival Bailey and Dr. Paul C. Bucy. Presented at 
the First International Congress of Neurological Surgery, Brussels, Belgium, July 21-27, 1957. 

¢ Professor-Neurosurgeon of the Hospitals of Toulouse. 

t Anesthesiologist of the Hospitals of Toulouse. 
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The intracranial hypertension is at first compensated for by the squeezing 
out of cerebrospinal fluid and of intracranial venous blood. Soon a vicious 
circle develops when herniations of the temporal or occipital regions appear. 
These compress the brain stem, block the fluid pathways and produce venous 


‘ stasis, thus aggravating the edema. Compression of the cerebral arteries 
‘auses ischemia and cerebral anoxia is the terminus. 
' Irritation of the brain stem is the common denominator of all of the pre- 


ceding phenomena. The brain stem may suffer directly from the initial 
trauma and again from compression produced by the intracranial hyperten- 
sion and the herniation. It in turn affects the entire organism unfavorably. 

2. Clinical and Humoral Data. The vegetative disturbances evolve in two 
phases: A vagal phase, often unperceived because it is short, follows the 
traumatism immediately. The patient is pale, hypotensive, bradycardiac, 
bradypneic and easily hypothermic. It may be associated with the discharge 
of acetylcholine described by Bornstein.! A hypersympathicotonic phase 
follows it; the patient becomes febrile, hypermetabolic, hyperpneic, tachy- 
cardiac, ete. The reactional nature of the clinical picture is evident. The 
respiratory and circulatory disturbances, the visceral dysfunctions, renal in 
particular, even the acute pulmonary edema and antemortem hemorrhages 
in the digestive tract are expressions of the irritation of vegetative centers. 
Protein hypercatabolism is evidenced by an increase in urea in the blood and 
urine. The escape of cellular potassium results in a negative potassium 
balance, while the entry of sodium into the cells is revealed by a hypo- 
natremia without hypernatruria. 

The systemic phenomena resulting from the cerebral troubles contribute 
in turn to their aggravation. The hypoxia and hypercapnia increase the 
cerebral vasodilatation together with the arterial hypertension. Coma is a 
superadded cause of metabolic disturbances. The elevation of temperature 
increases central sympathetic excitability.® 

As the lesions from which these patients die are often secondary to the re- 
actions, therapy must be antireactional and prophylactic in preventing 
secondary lesions. Toward this end our treatment should be so directed as (1) 
to diminish cellular metabolism and if possible to restore potassium to the 
cells; (2) to inhibit vegetative reactional and endocrine systems; (3) to re- 
strict intracranial hypertension and (4) to increase cerebral resistance to 
anoxia. In this sense hypothermia seems to be a logical form of treatment 
from many points of view. 


Il. HOW HYPOTHERMIA RESOLVES THESE PROBLEMS 


Two series of observations, one from North America and one from France, 
: have led to this form of treatment. 

F (1) Some investigators have induced a deep hypothermia (30°C.) by 
means of intense refrigeration, rendered tolerable by narcosis. Hypothermia 
lowers general metabolism (to 50 per cent at 30°C. to 30 per cent at 25°C.), 
lowers cerebral metabolism and increases the resistance of the brain to 
hypoxia. This has been demonstrated by Lougheed and Kahn,* Botterell 
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et al.,? and Rosomoft.®:!° According to Lougheed and his collaborators it also 
diminishes intracranial hypertension, arterial and venous tension, the secre- 
tion of cerebrospinal fluid and the reactivity of the reticular formation. The 
arterial and cerebral hypotensions produced by hypothermia are more 
efficacious than those obtained with the true ganglioplegic drugs (methon- 
ium, thiophanium, etec.). With hypothermia a decrease in metabolism pre- 
cedes the lowering of pressures (curve of Bigelow), whereas with the true 
ganglioplegics the lowering of the arterial tension occurs without any previ- 
ous fall in metabolisin.? With the exception of the tentative experience 
of Fay‘ deep hypothermia without narcosis has not been applied to the treat- 
ment of cranial traumatism, to our knowledge. 

(2) The authors, following Laborit’s® investigations, have used less hypo- 
thermia associated with a neuroplegic to obtain vegetative inhibition, and 
with endocrinological medication. 

The drugs used are central neuromoderators (derived from pheno- 
thiazine, Rauwolfia, procaine, ete.), sympatholyties (chlorpromazine, Hy- 
dergine, procaine, ete.), parasympatholytices (diethazine, piridosal, ete.), 
antihistaminics, and the anabolic hormones (somatotrophic hormones, 
androgens, mineral corticoids). They are employed conjointly. Potassium 
must usually be given. The neuroplegics facilitate the induction of hypo- 
thermia and avoid shivering. They also lower both general and cerebral 
metabolism and augment the resistance to hypoxia. The sympatholytie and 
parasympatholytic drugs combine to assure an equilibrated vasomotor 
blockade. They also have an anti-edematous action and inhibit the reticular 
formation. 

The neuroplegia by itself ameliorates the hyperthermia, respiratory 
difficulties, ete. without lowering dangerously the level of consciousness. 
Certain drugs, especially chlorpromazine, favor the entry of potassium into 
the cells. The therapeutic efficacy of these drugs is so great that some au- 
thors have advised utilizing them without using refrigeration. 

For the most part refrigeration is produced by conduction, i.e. by placing 
the patient in contact with a cold body—vessels or mattresses containing ice 
or covers with cold water circulating through them. However, we prefer to 
produce refrigeration by convection, i.e., by the transmission of heat to the 
surrounding refrigerated air. The “‘atmospheric hibernator™ of Laborit is a 
tent ventilated with air cooled to 15°C. The chambers that we have had 
constructed have a current of air regulated progressively from 22° to 12°C. 
The humidity is maintained between 50 and 65 per cent. The degree of hypo- 
thermia obtained varies from a restoration of normal temperature to a 
lowering of general body temperature to 30° to 34°C. 

II. OUR RESULTS 

In a series of 670 patients* with craniocerebral injury 47 have been sub- 
jected to hypothermia under neuroplegics, i.e., 7 per cent. They were suffer- 
ing from such severe neurovegetative disturbances that their death was 


* Our service receives only patients with the most serious craniocerebral injuries. 
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regarded as imminent. They were deeply comatose, had a stertorous polyp- 
noea (frequently with cyanosis) and generally an increasing fever which 
had already attained 39° or 40°C. All except 8 were tachycardiac; none was 
bradycardiac. In at least 5 cases there was black vomitus. The signs indica- 
tive of injury to the brain stem were decerebration, asynergia of the eyeballs, 
and bilateral Babinski sign. Cases of lesser gravity, in which patients were 
treated with neuroplegics without hypothermia, are not considered here. 

Of the 47 patients reported here (Table 1), 13 were operated upon and in 
all but one an extradural or subdural hematoma was found. 


TABLE 1 





Sur 670 TRAUMATISMES CRANIENS observes de 19514 1956 
OUT OF 670 HEAD INJURIES OBSERVED FROM /95i to 1956 


47 ont été TRAITES par UHYPOTHERMIE : 7 % 
47 have been TREATED wilh HYPOTHERMIA : 7% 
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Thirteen patients (27.7 per cent) survived. Thirty-four (72.3 per cent) 
are dead. Of the 18 who survive, of whom 3 were operated upon, 9 regained 
complete health. One suffered loss of consciousness for 2 months and then 
regained consciousness slowly. He had pressure sores, paralysis with con- 
tractures and a psychic deficit. Two others had psychie disturbances and one 
had a transitory diabetes insipidus. 

Of the 34 who died, 10 were operated upon. Ten (21.2 per cent) were dead 
at the beginning of treatment, sometimes even before it had time to act. In 
half of these, nevertheless, a transitory amelioration (arrest of the rise of tem- 
perature and improvement in respiration) occurred. Three patients only 
(6.3 per cent) died on the second or third day during treatment. Death was 
always preceded by some improvement coincident with the drop in tempera- 
ture. Ten patients (21.2 per cent) died shortly following the termination of 
treatment. Most of them had improved transitorily, some had become able 
to swallow, a few recovered consciousness. Later their condition deteriorated 
and further treatment was without effect. Eleven (23 per cent) died later, 3 to 
4 weeks after treatment. Most of these had remained in a precarious condi- 
tion, unconscious and unable to take nourishment. 
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Autopsies were obtained in 20 of the 34 deaths. In 18 cases there were 
deep-seated hemorrhages and grave cerebral lesions. In 2 cases only a simple 
edema with temporal herniations was found. 


DISCUSSION 

Treatment with hypothermia and neuroplegia is effective against the 
acute post-traumatic neurovegetative syndrome, except in those cases in 
which the patients are so critically injured that they die in the first few hours. 
Other patients show a definite improvement coincident with the induction 
of hypothermia which is spectacular and almost constant. Unfortunately 
this improvement is often temporary. After the termination of treatment the 
vegetative disequilibrium often recurs and many of the patients die rather 
promptly. Others continue on in a vegetative state of psychic and physical 
inertia which seems to be the expression of destructive lesions of the di- 
encephalic nuclei. The cachectic forms are the most common. A hypersomnic 
form has also been observed which may terminate in an unexpected recovery. 
Recovery can be regarded as possible if hypothermia is easily induced with 
an improvement in the various symptoms, as probable if the critical period 
of reheating is passed without a recurrence of symptoms and as certain if the 
patient regains consciousness at the end of the first week. The outlook is 
dubious in those patients whose disturbed condition becomes chronic. 

Commencement of treatment late is an important cause of failure. Un- 
fortunately, few patients came under our care in the first few hours after 
injury. Of the 47 who were treated with hypothermia, 24 began treatment 
during the first day, 6 on the second day, 3 on the third day, 5 on the 4th, 4 
on the 5th, and 8 on the 8th day or later. All patients whose treatment was 
begun after the third day are dead. Of the 13 patients who survived, 5 began 
their treatment in the first few hours, 5 during the first day and 3 on the third 
day. It thus appears unwise to wait until the vegetative symptoms are clear 
or alarming before beginning treatment. Furthermore, the induction of 
hypothermia is easier during the vagal phase immediately after injury than 
it is during the hypersympathicotonic phase which follows it. 

There are few contraindications. Shock is not one of them; in fact, it is 
benefited by neuroplegia and hypothermia with blood transfusion. Multiple 
injuries are not a contraindication. The principal handicap in this form of 
treatment is the lack of necessary equipment and of adequately trained 
personnel. 

It has been said critically of this form of treatment that one is complicat- 
ing coma with induced sleep. However, experience has shown us that the 
induction of profound sleep renders the coma less profound in a few hours, 
rather than aggravating it. The neuroplegics that are not hypnotic (Hyder- 
gine, procaine, etc.) have the same effect. The neuroplegia and hypothermia 
do not mask the neurological signs as was first feared. The semiological 
modifications are slight. In fact clinical investigation is facilitated. The dan- 
ger of ventricular fibrillation does not exist with the rather slight degree of 
hypothermia that we have used. On the other hand, the improvement re- 
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sulting from hypothermia may sometimes be deceptive. One must remain 
vigilant for operable lesions. The need for complementary examinations such 
as arteriography is not lessened. Neither is hypothermia an exclusive ther- 
apy, merely an excellent basal one. Constant attention must be given to the 
need for tracheotomy or artificial respiration and to the renal, metabolic and 
nutritional needs of the patient. 

Many workers are agreed as to the basic principles of the treatment of 
severe craniocerebral injuries by hypothermia but there is less agreement as 
to technique. Some prefer hypothermia without neuroplegia; others think 
neuroplegia sufficient; while others, including the authors, prefer a combina- 
tion of moderate hypothermia and neuroplegia. Neuroplegia increases the 
lowering of metabolism and has a specific effect on post-traumatic reactions. 
It facilitates hypothermia as much as narcosis does but in a better way. It is 
preferable to narcosis in unconscious patients (still sensible to cold and apt 
to shiver) as it does not greatly deepen the level of unconsciousness. And it 
may be continued for several days, if necessary, without disadvantage. 

Our present techniques are not without defects. The induction of hypo- 
thermia is slow. The period of metabolic instability may not be passed until 
a frank hypothermia (at least 34°C.) is reached. The North American meth- 
ods of refrigeration appear to act more quickly so that a hypothermia of 
30°C. and a reduction of the metabolism by half is achieved within 2 hours. 

It is suggested that the best results will be achieved with a combination 
of neuroplegia and moderate refrigeration. Deep narcosis, which has been 
shown to be useless, should be abandoned. The induction of hypothermia 
should be quickened. Practice will improve our efficiency and bring the 
progress which is still needed. 
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ITH the increased use of arteriography there has been opened to the 
neurosurgeon an expanding potential field of usefulness in the treat- 
ment of cerebrovascular diseases. A better understanding of the 
pathology of cerebrovascular diseases and of the mechanisms by which symp- 
toms arise, plus the development of better techniques for vascular surgery 
have now equipped the neurosurgeon to investigate the possibilities for the 
surgical treatment of thrombotic and embolic disease of the major vessels 
supplying the brain. That this investigation is already well under way can 
be seen by some of the papers appearing during the last few years.':?: 9-118 
The present paper is an attempt to illuminate one small facet of the problem. 
The most common type of arteriosclerosis to attack the carotid vessels 
is atherosclerosis, which does not produce a generalized involvement of the 
vessel wall but a segmental one. The limited area of involvement presents 
an atherosclerotic plaque in the intima consisting of connective-tissue 
proliferation and a deposit of lipids. Not only does the plaque grow by the 
addition of more lipid material and connective tissue but there is formed on 
its intimal surface a thin layer of blood clot which helps occlude the vessel. 
Once the vessel is completely occluded, secondary thrombi form distally and 
proximally,> and may occlude the whole linear extent of the common and 
internal carotid arteries. The length of time necessary for such clots to form 
and to become organized seems to vary from one case to another in our ex- 
perience. 
COMPLETE OCCLUSION 
Four persons were operated upon by us for complete occlusion of the 
common or internal carotid artery. Some of the details of these 4 cases are 
shown in Table 1. The first thing that strikes one about these patients is 
that they are relatively young, and this needs emphasis so that one will be 
looking for the disease in an age group not usually associated with arterio- 
sclerosis. Another thing to note is that there is poor correlation between the 
duration of symptoms and the apparent age of the clot exposed at operation. 
But the clot exposed at operation is not the only one to be considered, for 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
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beyond the limits of exposure there may be other clot of a different age. In 
each of the 4 patients reported here we were able to remove the clot and 
atheroma exposed at operation and to restore the lumen of the exposed part 
of the vessel, yet in each instance there was an obstruction of the vessel at 
some point beyond our reach. Thus in no instance in which the internal 
-arotid artery was completely obstructed could we establish a return flow of 
blood through the vessel from its intracranial end, nor could we secure a 


TABLE 1 


Four cases of complete carctid occlusion treated by thrombectomy 


Time from 


Case Age Type of Onset Onset to Type of Clot Found Site of Occlusion | ce ol 
Operati peration 
peration 
1. E.H. 30 Sudden 9 days Black, semiorganized Entire internal carotid No improvement 
2. 3S. 58 Sudden 42 days Soft, black, partly organized | Entire internal and common = No improvement 


carotid 


3. BR. 45 Stuttering 14 days Atheroma and soft organ- Distal part of common and No improvement 
ized clot entire internal carotid 

‘i &2. 52 Slowly 1 year Atheroma and organized Internal carotid and part of | No improvement 
progressive clot distal common carotid 


flow from the aorta or innominate artery when the lower part of the common 
carotid was completely obstructed. 

These 4 operations must therefore be counted as failures. It is hoped, 
however, that they will not serve to prevent further attempts at thrombec- 
tomy in this type of obstruction because such a small number of cases is too 
few from which to draw broad generalizations and they should rather be 
regarded as preliminary attempts at surgical treatment, recognizing that 
the field of vascular surgery is rather new to neurosurgeons. The thought 
arises that if one could operate upon atherothrombotic disease of the 
carotid vessels before the obstruction is complete one might be more suc- 
cessful, and that leads to the presentation of 2 more cases and the main 
theme of this paper. 


PARTIAL OCCLUSION 

In 1951 Miller Fisher® suggested that if the carotid occlusion were con- 
fined to the region of the carotid bulb it should be possible to relieve it by 
anastomosing the external carotid artery or one of its branches to the internal 
‘arotid beyond the site of obstruction. Strully and his co-workers" in 1953 
made the same suggestion, but were unable to carry it out in their case be- 
cause the obstruction was too high. In the past year we have had 2 patients 
who seemed to lend themselves to this procedure. Table 2 gives a brief 
summary of the data in these 2 cases. Figs. 1 and 2 show the findings on 
arteriography which demonstrated the narrowed lumen just above the bi- 
fureation of the common carotid. 

The surgical procedure consisted of making an oblique incision along 
the anterior border of the sternomastoid muscle to expose the distal part of 
the common carotid artery with its two terminal branches which were ex- 
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posed as high as possible in the neck. The branches of the external carotid 
were ligated and divided along with the terminal trunk so as to provide 
adequate mobility and permit the two main arteries to lie side by side with- 
out distortion (Fig. 3). After cutting an ellipse out of adjacent portions of 
the two arteries and joining them by four equidistant sutures the anas- 
tomosis was completed with an over-and-over suture which everted the 
edges of the elliptical openings (Fig. 4). 

The operations were carried out under hypothermia (86°F.) because in 
ach case the internal carotid artery was still supplying a substantial part 
of the circulatory needs of the hemisphere and it was hoped to avoid addi- 


TABLE 2 


Two cases of incomplete carotid occlusion treated by side-to-side anastomosis of internal 
and external carotid arteries 


Mode of 


| Onset to | Site of | Result 


: First . 
Case | Age | Onset | Symptom Other Symptoms Operation | Occlusion 
5. GS. | 58 Apoplectic Left hemi- | Left sensory diminution, 21 days | Carotid Early thrombosis of com- 
plegia slurring of speech, de- bulb mon; slight improve- 
fect in recent memory ment of hemiplegia 
6: EA. 53 Stuttering Left hemi- | Recurring attacks of hemi- 9 days Carotid Relief of hemiplegic at- 
(3 attacks) paresis paresis, slurring of speech bulb tacks; partial recovery 


from hemiparesis 


tional neurologic damage while the vessels were clamped off during the anas- 
tomosis. No harm arose from clamping the vessels even though the anas- 
tomosis consumed over an hour in each case. The avoidance of harm may 
have been the result of hypothermia,” or it may only mean that the collat- 
eral circulation was adequate. However, it would appear on the basis of 
animal experiments® that under hypothermia one may occlude the carotid 
artery much longer than was previously considered safe even with reduced 
temperatures. 

When the carotid clamps were released after the first operation there was 
a strong flow of blood through the internal carotid. However, before the 
wound was closed the pulsations began to diminish and it is thought that 
complete thrombosis occurred in the first 24 hours. Perhaps regional hepa- 
rinization as described by Freeman et al.‘ might have prevented this, or one 
could operate under general anticoagulation as we did in the later throm- 
bectomies, it being found that prothrombin times of 20 to 25 seconds pro- 
duced no significant increase in wound bleeding. In the second patient the 
result was more satisfactory and the anastomosis remained open as shown 
by a subsequent arteriogram (Fig. 5). When last examined it was still fune- 
tioning approximately 9 months after surgery. 

Both patients showed improvement in their one-sided weakness, the 
second much more than the first. Although the functioning anastomosis in 
the second case may have influenced the degree of recovery, yet one cannot 
assert this with confidence because the natural course of untreated patients 
is also to show improvement. However, since operation this patient has re- 
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Fic. 1. Case 5. Partial occlusion of internal carotid artery just above bifurcation. 





Fic. 2. Case 6. Partial occlusion of internal carotid artery just above bifurcation. 
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a 
i 
Fic. 3. The external carotid artery prepared for anastomosis. i 
mained free of recurring attacks of hemiparesis and it would seem that this 3 
could reasonably be attributed to the anastomosis. } 
DISCUSSION 7 
Miller Fisher’s suggestion to anastomose the external carotid artery to 
the internal in order to by-pass an obstruction is thus shown to be a feasible 
: 
: 
a 
: 





Fic. 4, Completed anastomosis between the external and internal carotid arteries. 
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Fic. 


5. Case 6. Functioning anastomotic shunt between the external and internal 
carotid arteries. 


procedure, but is it the best way to deal with the problem? To me it would 
seem that the method has some inherent defects. In the first place, the ex- 
ternal carotid branches so freely that its size diminishes rapidly and so the 
length of usable artery is quite short and the anastomosis must be close to the 
bifureation of the common carotid. Perhaps a more serious objection is the 
need to divide the branches and terminal trunk of the artery in order to 
have it lie easily beside the internal carotid. This destroys any collateral 
circulation that may be reaching the ipsilateral hemisphere through the 
ophthalmic artery, which may be quite important." 

As for the effectiveness of a side-to-side anastomosis, this, too, is open to 
question. Such an anastomosis inevitably reduces the lumen of the involved 
vessels by the amount of the wall used up in everting the edges of the stoma. 
In vessels the size of the external and internal carotid such a loss is significant 
and the variation in the lumen of the vessel may be conducive to thrombosis. 
Linton and Menendez’ have shown that in the iliac vessels an end-to-side 
anastomosis is much more likely to remain patent than is an end-to-end 
anastomosis, and it seems likely that this will also hold true for vessels as 
small as the carotids. But the rapidly diminishing terminal trunk of the 
external carotid artery is not adapted to making an end-to-side anastomosis. 
It would therefore seem that the problem of partial occlusion of the internal 
carotid artery at or near the carotid bulb could be most effectively answered 
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by an arterial graft which would be united to the common carotid and to a 

point on the internal carotid distal to the obstruction by end-to-side anas- 

tomosis. Thus the external carotid circulation would not be disturbed and 

the obstruction in the internal carotid would be by-passed effectively. 
SUMMARY 

1. Six cases of partial or complete obstruction of the internal carotid 
artery are presented. All of the patients were treated by surgery. 

2. Of the 4 patients having complete obstruction none was helped by 
attempted thrombectomy. 

3. The 2 patients with partial obstruction were treated by joining the 
external carotid artery to the internal carotid by side-by-side anastomosis. 
One of these was relieved of recurring attacks of hemiplegia during the 9 
months of observation; the other was not benefited. 

4. The disadvantages of a side-to-side anastomosis between the external 
and internal carotid arteries are enumerated, and a better method of by- 
passing an obstruction is suggested. 
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DISCUSSION 
Dr. Francis Murpuey: Dr. Wegner is to be congratulated on his efforts to correct one 
of the most common abnormalities in the circulation of the brain. We have been interested in 
this problem for some time and we feel it is an extremely urgent one. In our experience at 
least, it seems to be one of the most common, if not the most common cause of cerebrovascular 
accidents. 
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At the present time, as Dr. Wegner stated, it is certainly not possible to say whether the 
procedure that he demonstrated or a graft or resection with end-to-end anastomosis or 


4 thromboendarterectomy is going to turn out to be the best procedure. We have attempted 14 
| thromboendarterectomies and in 8 of these we have been unable to obtain a retrograde flow, 
4 presumably because of an organized clot. In 6 cases we did obtain a good retrograde flow 
q and in 4 of these patients (five arteries) the arteries have remained patent as proven by 

| a arteriography weeks or months later. In 2 cases thrombosis occurred and anticoagulants 
: 


were used in neither of these. 
[Slide] This is the arteriogram of a white male, aged 45, who had sudden onset of hemi- 
plegia and aphasia a week before we saw him. It shows a complete occlusion of the internal 


‘ 





i carotid artery just above the bifurcation in the neck and an embolus to the ascending fronto- 
| ¥ parietal branch of the middle cerebral artery. We were, of course, aware that nothing could 
ti be done in the neck to alleviate the condition in the head, but we felt he might make a fairly 
. q good recovery if further emboli were prevented. This was discussed with the family and it 
y) ; was decided to do an endarterectomy. However, before we did so, an arteriogram on the 

G other side was carried out. [Slide] This showed marked stenosis on the right side. Thrombo- 
] E endarterectomy was carried out on the left and a month later |slide] this arteriogram showed 

; the artery to be patent. 

. ; The patient wanted to push his luck and have the other side operated upon. This was 
carried out about a month after the first operation and [slide] this arteriogram was made a 

: month after the second operation showing that this artery was also patent. 

The second patient is a 65-year-old man who for several months had been deteriorating 

ic mentally and had had attacks of transitory right hemiparesis. Examination showed that the 

right carotid was occluded all the way from the clavicle to the base of the skull. There 

ry was a bruit over the carotid bifurcation on the left and when this artery was occluded by 

7 pressure, the patient lost consciousness. An arteriogram on the left side [slide] showed marked 

wa é stenosis of this vessel. [Slide] This is a vertebral arteriogram which shows he is getting most 
= k of his blood into the carotid circulation by way of the vertebral artery. 

af It was believed that this man would probably improve if we could increase the total 

ae | volume of blood going into the carotid circulation, and thromboendarterectomy was advised 

and carried out. [Slide] One month later this is the arteriogram showing the patent artery. 

ry ; [Slide] One-half second later shows adequate filling of the circulation on this side. This man 

‘ has had no more transitory attacks of hemiparesis. He is now normal mentally and is an 
to- : effective human being. I understand he has gone back to work. 
ir., 8 
53, | 

ort § 
the 4 
m= ‘ 
i 
one 
d in 
e at 


ular 
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CRYLIC derivatives were employed early by odontologists for making 
various types of dental appliances, as well as by orthopedists.* 
Zander, in 1940, was the first to perform a cranioplasty with methyl- 

methylacrylate (Lucite), and around the same time Kleinschmidt," in ex- 
periments on rabbits, demonstrated its nonirritative character. Other pio- 
neers are Gurdjian ef al.,°> Kerr? Kahn,’ Kriiger,’ Small and Graham,” 
Schorstein," and Woolf and Walker.” In recent years, further investigations 
have been reported which favor the use of plasties.*:!4:!5:!° The method, how- 
ever, has one drawback: it is based on the principle of impression and there- 
fore necessitates a two-stage procedure. 


THE ONE-STAGE METHOD 

In 1948 the British authors Oliver and Blaine™ reported 3 cases in which 
they had shaped the plastic and allowed it to harden in situ. They had an 
observation time of 1 year and the results were successful. In 1951 Woringer 
et al.” presented 15 cases and described the method in greater detail. Worin- 
ger has since been its chief advocate and, while visiting the Mayo Clinic, 
prompted Dodge and Craig to adopt it. The latter authors presented, in 
1953, a preliminary report of their experience on the basis of animal experi- 
ments and 7 successful cases.* Since 1952 the method seems to have been used 
consistently by Spence,!’ though he has not described the number and char- 
acter of his cases. Following a visit by Woringer to Stockholm, the procedure 
has been standard at our departments since January, 1953, and up to Jan- 
uary, 1957, 51 cranioplasties had been performed. Of these cases, 46 have now 
been followed up and form the basis of the present investigation. 

Principle. The chemical basis of acrylic plastics! is that the molecules of 
methyl esters of methacrylic acid (monomer) possess the ability of additive 
polymerization, i.e., of uniting in long chains on dissociation of the double 
bond C=C. 

If the monomer (liquid) is mixed with its polymer (powder), a plastic 
paste results that can be shaped as required. For the earlier acrylic plates 
this mixture was placed in a mold and a countermold was applied. The two 


* Head: Professor H. Olivecrona. 


+ Head: L. Herlin, M.D. 
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were then compressed by heavy clamps and placed in a water bath at ap- 
proximately 70°C. for 1 hour. Not until then had the polymerization termi- 
nated, leaving the prosthesis ready for use. The solution to the problem, 
making a one-stage procedure possible, was reached by adding certain sub- 
stances, producing a redox complex, which eliminated the need for heating 
and compression and brought about autopolymerization that terminated 
within 8-10 minutes. With this rapid method, heat evolves with a tempera- 
ture of between 70 and 80°C. 

Bacteriologic Studies and Animal Experiments. Woringer has shown that 
the liquid (monomer) not only is sterile but also has a bacteriostatic action, 
tending to inhibit cultures of staphylococci, coliform bacteria and strepto- 
cocci. The powder (polymer) can be used direct from the manufacturer’s 
package, for it is satisfactorily sterilized by addition of the liquid. Important, 
therefore, is to mix the substances adequately, so that the mixture will be 
sterile.3-12:13.21.22 

Blaine, in a series of animal experiments, found only a minimal fibrous 
tissue reaction to the implant. A similar result was obtained by Hoffmann’ 
as well as by Dodge and Craig in experiments on dogs. Woringer compared 
the tissue reactions from tantalum and from acrylic implants and found them 
to be equally slight. 

OPERATIVE TECHNIQUE 

Following exposure of the cranial defect all tissue is removed from edges of the 
bone, so as to permit accurate fitting of the prosthesis. The dura mater, if injured, 
is sutured; minor dural defects are repaired with muscle grafts and major ones with 
polyethylene film. In order to protect the dura mater and adjacent tissue from the 
heat produced at polymerization, a covering of cotton strips moistened in saline is 
applied. This also ensures that the prosthesis will not rest directly on the dura 
mater, thus leaving a space for expansion of the brain. The powder is poured direct 
from its container into a sterile dish in an amount commensurate with the size of the 
defect. The liquid is then stirred in, care being taken to ensure that all powder is 
incorporated in the mixture; this is important both for sterility of the plastic and 
for homogeneity of the finished prosthesis. 

The resulting paste is initially somewhat viscose, but this phenomenon disappears 
after a minute or so, leaving a highly cohesive and homogeneous sheet, moldable to 
any shape. It can be thinned out by stretching, and conversely it can be thickened 
by folding. This facilitates shaping of the plastic in the defect and exact duplica- 
tion of the anatomy. When the paste begins to harden, cold salt solution is poured 
over it, and after a further minute or so the prosthesis is removed, now retaining 
its shape yet still having a consistency enabling it to be trimmed with shears. Once 
having hardened, the prosthesis is firm, difficult to break, and has a slight degree 
of elasticity which prevents distortion from bending. The final trimming can now be 
done with a rongeur, and a few holes are drilled for fixation with stainless steel 
wire. 

Adaptation of the prosthesis to the defect has consistently been done according 
to the inlay principle; only in a few cases has a layer of adequate thickness over- 
lapped the margins of the bone by about 5-10 mm., somewhat like a lid. Some 
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authors drill numerous holes in the plate on the theory that it increases the stability, 
promotes ingrowth of connective tissue and hence better fixation, and ensures 
better drainage of any fluid collecting between prosthesis and dura mater. We used 
this procedure in only a few cases in the early part of our series. 

In all cases the surgical field was powdered with dimezathine penicillin (ICT) 
before closure of the wound. 


The procedure outlined above obviates thermal action, since the essential 
process of polymerization takes place outside the surgical field. A question 
upon which there has been some discussion concerns the degree to which 
the monomer in free form is irritating to the tissues and for what length of 
time a free monomer may be expected. In the Oliver-Blaine cranioplasties, 
part of the polymerization was allowed to proceed in situ after Oliver had 
shown that its deleterious effect on the tissues was negligible in cranioplasty. 
Diener’ arrived at a similar result. 

The irritation from the monomer apparently is caused largely by its 
low pH. Woringer’s modification of the Oliver-Blaine method lies in the fact 
that he protects the exposed part by covering it with a sheet of amniotic 
tissue which acts as a barrier against the low pH. A similar procedure is 
suggested by Dental Fillings Limited, London, for their product Simplex- 
Pentocryl, which we employed in all of our cranioplasties. Kriiger! suggested 
polyethylene sheets as being impermeable to the monomer. We have not 
employed this procedure, since the plastic does not come into close proximity 
with the brain during the 8-10 minutes taken by the polymerization process, 
with concurrent heat production, and also because the amount of free mono- 
mer after the conclusion of that process is inappreciable.! 


ANALYSIS OF CASES 

During the period from January 1958 to January 1957, 51 cranioplasties 
were performed by the above method. Twenty-six defects were closed at the 
first operation; the remaining 25 underwent secondary repair. 

Primary Cranioplasties. The defects in this type of cranioplasty were 
associated with the following conditions: compound depressed fractures in 
11 cases, 8 of which were frontal, 2 occipital and 1 parietal; impression frac- 
ture in 1 case; meningioma in 6; osteoma in 2; post-traumatic epilepsy with 
corticodural sear in 1; epilepsy following operation for cerebral tumor in 1; 
and intraosseal hemangioma, dermoid cyst, mucous and salivary gland tu- 
mor, and a metastatic hypernephroma of the skull each in 1 case. 

In 7 of the 8 cases of compound depressed fractures, localized to the 
frontal region, the frontal sinus was damaged. Further, the frontal sinus had 
to be opened for eradication of the mucous and salivary gland tumor, and 
also at 2 of the operations for meningiomas because the tumors had infil- 
trated the bone. In each of these 10 cases the sinusal mucosa was curetted and 
the sinus was then plugged with muscle. In 3 cases, concomitant damage to 
the supraorbital ridge was repaired by reconstructing the latter with acrylic 
plastic. 
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Secondary Cranioplasties. Of the 25 cranial defects in which repair was 
secondary, 17 were of traumatic origin and 5 resulted from excision of the 
bone flap because of osteitis. Two were caused by operations for meningiomas 
infiltrating the bone; 1 arose from removal of a postoperative hematoma sec- 
ondary to hypophysial enucleation. The size of the defects ranged from 3 by 
4cem. to 9 by 12 em. and averaged 5 by 5 em. The interval between the initial 
defect and cranioplasty averaged 2.5 vears. In the flap excisions necessitated 
by osteitis, cranioplasty was performed after 4—6 months. 

Twelve of the defects of traumatic origin were localized to the frontal 
region, and at cranioplasty an open communication was found, in 2 cases, 
between the defect and the frontal sinus and ethmoid cells, and in 1 case be- 
tween the defect and the frontal sinus alone. The supraorbital ridge was re- 
constructed in 1 case. 


RESULTS 

Immediate Results. Two of the 51 patients died during initial hospitaliza- 
tion. One of them was a 16-year-old youth with an enormous compound de- 
pressed fracture in the frontal region and lacerated injuries bigger than 
tennis balls in both frontal lobes, posteriorly involving the basal ganglia 
too. The other was a 57-year-old man with a defect of the frontal bone meas- 
uring 4 by 5 em. who succumbed to concomitant thoracic contusion with 
multiple fractures of the ribs, pneumothorax and pulmonary hemorrhages. 

Analysis of the postoperative course in the remaining 49 cases shows that 
only a single patient had a rise of temperature exceeding $8.5°C. 

All cranioplasties healed uneventfully. In 3 cases the skin flap had to be 
punctured for a moderate subgaleal hematoma. 

Spinal fluid collected beneath the flap in 6 patients. Of these, all of whom 
had more or less extensive dural injuries at the time of cranioplasty, the 
phenomenon subsided after 1 week in 2, after a month in 1, and not until a 
year had elapsed in 2. These last 2 patients, who had been operated on for 
parasagittal meningiomas infiltrating the bone, had pronounced dural de- 
fects which, as at the original operation, had to be covered with polyethylene 
film. In the sixth patient, a persisting fistula had to be surgically closed 8 
months after the operation. 

Two patients underwent further operation for rhinorrhea 3 weeks and 4 
months respectively after the cranioplasty. In the first of them there was 
leakage from the ethmoid cells. The surgical approach was via a bone flap; 
the acrylic plate was found to have produced no tissue reaction. In the other 
case the frontal sinus had to be replugged, and here too the acrylic plate had 
caused no untoward effect on the tissues; however, it was necessary to re- 
move and replace it, since it had been shaped into the frontal sinus. 

Late Results. At the follow-up in January and February, 1957, there had 
been 1 further death. The patient in question was a 60-year-old woman who 
had been operated on for a metastatic hypernephroma of the skull and who 
succumbed to further metastases 5 months after the cranioplasty. Two pa- 
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tients were untraceable. Of the remaining 46 cases followed, the cranial de- 
fect had been repaired at the first operation in 22 and at a second operation 
in 24. 

During the 4-year period in which the method has been applied, our indi- 
vations have tended towards the greater use of acrylic plastic for immediate 
repair. 

Eleven of the primary cranioplasties were concerned with compound de- 
pressed fractures. Two of these patients died, the respective causes of death 
being extensive cerebral injuries and chest injuries. Five of the remaining 9 
patients had concurrent fracture of the frontal sinus. In 3 operations for 
tumors, in which the bone defects were subjected to primary repair, there 
was contamination from the sinus. A similar condition was present in 3 of 
the 24 secondary cranioplasties. 

In the entire series only 1 complication occurred that could have been 
referable to the acrylic plastic and which necessitated removal of the pros- 
thesis. 

The cosmetic results were excellent in 43 of the other 45 cases. In 1 pa- 
tient the surface of the acrylic plate was slightly irregular and in another it 
should have been a little more curved. 

A female telephone operator with a prosthesis 4 by 5 em. parietaiiy over 
the right ear was distressed by pain as soon as she put on the headphones. 
Follow-up examination revealed a suture granuloma that was very tender to 
pressure. 

Four patients complained of moderate pain localized to the prosthesis. 
Three of them had undergone secondary cranioplasty and one of the pre- 
operative symptoms had been headache localized to the defect. The fourth 
patient had been operated on for a large frontal compound fracture involving 
the frontal sinus and roof of the orbit. 


DISCUSSION 

The use of bone in cranioplastic operations is naturally the most physio- 
logic method. Yet the surgeon of today, confronted with a steadily increasing 
number of severe head injuries caused by domestic, industrial and street 
accidents, has to contend more and more with problems in which the meth- 
ods hitherto employed for repairing cranial defects are inadequate. 

In comminuted fractures, repositioning of numerous small fragments in 
the defect may present major technical difficulties. Fixation of the fragments 
is often instable, so that the reconstructed area later becomes depressed. The 
danger of resorption of individual fragments cannot be disregarded, and 
there is a considerable risk of infection, notably in the region of the para- 
nasal sinuses. 

If autogenous grafts have to be used, there are the difficulties of shaping 
them exactly to fit the defect; indeed, repair of large defects with bone grafts 
may be impracticable. In traumatic cases, operations of major extent may 
be inadvisable, since two procedures are required; in order to keep the operat- 
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ing time to a minimum two surgical teams are necessary. The method with 
homologous frozen cranial grafts, obtained from a bone bank, may perhaps 
eliminate the last-named reservation, but the danger of resorption and in- 
fection will still remain. 

Of the relevant alloplastic materials, tantalum, Vitallium, stainless steel 
and acrylic derivatives seem to be equal with respect to their nonirritating 
properties. The metals, however, are technically far more difficult to handle 
besides being radiopaque. With the introduction of the rapidly polymerizing 
acrylic derivatives that enable a cranioplasty to be completed in one stage, 
the question as to the most appropriate substitute for bone has assumed quite 
a different aspect. We possess today a method which, for simplicity and relia- 
bility, is superior to all others. It is surprising, therefore, to find it has come 
so little into use, judging from the few papers published hitherto. 

All of the present series of 51 cranioplasties healed uneventfully. Of the 
46 that were followed up, there was only 1 case of supervenient infection 
that necessitated removal of the plate. It is debatable, however, whether this 
complication may be attributed solely to the acrylic plastic, for the inflam- 
matory process may equally well have originated from a polyethylene film. 

The cosmetic results were excellent in all except 2 cases. In these 2 pa- 
tients the acrylic plate was difficult to shape (restoration of the supraorbital 
ridge); the results, however, must be regarded as satisfactory. 

Orthopedists (Judet, in Lisbon, 1953) have pointed out that acrylic pros- 
theses do not tolerate the loads to which they are subjected; they become de- 
formed. In cranioplasty we are concerned with entirely different static fac- 
tors. In the present investigation nothing has emerged to suggest that acrylic 
plastic is insufficiently strong. On the other hand, a case was reported re- 
cently in which an acrylic plate fractured as a result of a direct trauma.* It 
was situated directly over the convexity and had broken when the wearer’s 
head struck the roof of an automobile in a collision. The thickness of the plate 
was not stated, but the photograph published suggests that it was thin. One 
of our patients suffered a heavy direct trauma which the plate withstood. The 
above report nevertheless provides food for thought, and it would be interest- 
ing to try adding glass fibers to the plastic with a view to increasing its 
strength. 

All authors who have worked with cranioplasty agree that it is contra- 
indicated by the presence of an open communication between the frontal 
sinus and the defect. Similarly, it is cautioned against in cases of compound 
depressed fractures. We have subjected defects of this type to primary repair 
with acrylic plastic, and our experience has been so satisfactory that the 
procedure is now routine. Moreover, we now use acrylic plastic initially in all 
sases of relatively extensive loss of bone that may arise at operation. 


SUMMARY 


1. The principles and operative method for the use of rapidly polymeriz- 
ing acrylic derivatives (Simplex-Pentocryl) are described. 
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2. During the 4-year period from 1953 to 1956, 51 cranial defects in as 
many patients were repaired by this method. Of 46 cases followed up, the de- 
fects had been subjected to primary repair in 22, including 9 cases of com- 
pound depressed fractures. The frontal sinus was involved in 5 of these cases 
and in 6 nontraumatie cases, in 3 of which secondary repair was done. 

3. In all cases healing was uneventful. There was only one complication 
(infection) necessitating subsequent removal of the plate, and it is debatable 
whether it had been caused by the acrylic plastic as a foreign body. 

4. The method is technically very simple, reliable and, on critical ap- 
praisal, appears to be superior to other types of repair. 

5. We now use it routinely in cases of compound depressed fractures, 
even when the frontal sinus is involved, and also in primary repair of defects 

‘saused by loss of bone associated with operation. 
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INTRACRANIAL INTERNAL CAROTID 
ARTERY ANEURYSMS 
RESULTS OF TREATMENT BY CERVICAL CAROTID ARTERY LIGATION* 
H. A. SHENKIN, M.D.,+ P. POLAKOFF, M.D., ann B. E. FINNESON, M.D. 
Philadelphia, Pennsylvania 


(Received for publication May 7, 1957) 


HE CONTROVERSY as to whether cervical carotid ligation alone or an 
intracranial procedure is preferable in treatment of intracranial aneu- 
rysms of the carotid artery would seem from the majority of recently 

expressed opinions? *~*:*:*" to have been resolved in favor of the latter. This 
opinion, however, does not appear to be based on actual data showing that 
cervical carotid ligation is ineffective in preventing recurrent hemorrhage. 
Indeed, the only long-term follow-up studies on surgically treated intra- 
cranial aneurysms*’ are in series in which carotid ligation in the neck was 
employed and these reports reveal that this procedure offers a high degree 
of protection against recurrent hemorrhage. 

A series of 19 consecutive patients treated only by cervical carotid liga- 
tion and followed 6 months to 7.5 years (average 3.2 years) is presented in an 
effort to support previous reports that this method of treatment is an 
adequate one for intracranial aneurysms of the internal carotid artery, ac- 
companied by the lowest mortality and morbidity offering protection against 
recurrent hemorrhage. 


CASE MATERIAL 

The 19 patients (Table 1) were 24 to 70 years of age and the average age 
at the time of operation was 47.5 years. Eighteen of the patients had a sub- 
arachnoid hemorrhage as a cause for hospitalization. Five of these had had a 
history of an episode of hemorrhage prior to the one that brought them to our 
care. One patient’s presenting symptoms were headache and a 3rd nerve 
palsy of 3 months’ duration. On admission to the hospital 3 patients were 
semicomatose and 4 were considered to be in moderate distress, being men- 
tally obtunded and exhibiting evidence of hemiparesis in addition to symp- 
toms of subarachnoid hemorrhage. The remainder of the patients on admis- 
sion were conscious and oriented. All patients except Case 19, who expired, 
were fully conscious at the time of ligation. Nine patients had a 3rd nerve 
palsy on admission to the hospital. 

Kight aneurysms were located at or near the origin of the posterior com- 
municating artery, 5 were located at the bifurcation of the internal carotid 

* Presented at meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
7 255 South 17th Street, Philadelphia 3, Pennsylvania. 
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artery and 5 were located between these sites. One patient had multiple 
intracranial aneurysms of one internal carotid artery below its bifurcation. 


SURGICAL APPROACH 

Bilateral arteriography was generally delayed until the patient was 
conscious and stabilized. Arteriography was carried out from 1 to 29 days 
after onset of hemorrhage, the average interval being 12 days. Ligation of 
the carotid vessels was done shortly after arteriography, frequently the same 
day; however, the average length of time between onset of hemorrhage and 
carotid ligation was 14 days. In 8 patients arteriography was performed via 
the patent carotid artery 1 week to 1.5 vears after ligation. In no instance 
was the involved carotid vessel or the aneurysm visualized. 

In 2 earlier cases the common carotid artery alone was ligated with good 
success. In the remaining 17 cases an effective ligation of the internal carotid 
artery was performed. In 2 patients the internal carotid artery was ligated 
directly and in 2 patients gradual occlusion of the internal carotid artery was 
accomplished by use of the Selverstone clamp. The common carotid and 
external carotid arteries were ligated simultaneously in 8 cases. The common 
carotid and internal carotid arteries were ligated simultaneously in 2 patients 
and in 3 cases ligation of the common carotid artery preceded ligation of the 
internal carotid artery by 3, 4 and 9 days. 

Ligation of a carotid vessel was generally accomplished by lightly ligating 
the vessel so as to approximate the intima without crushing it and then firmly 
and tightly ligating the vessel proximal to this first ligature. In this manner 
it was hoped to reduce the possibilities of a propagating thrombus develop- 
ing. This was done under local anesthesia and the patient was observed for 
development of focal neurological signs over a period of 20 to 30 minutes 
while the artery was occluded and before the wound was closed. A second 
principle of ligation was to prevent collateral circulation through the external 
carotid vessel and therefore the internal carotid artery itself was primarily or 
secondarily closed off or else the external carotid artery was ligated together 
with the common carotid. In most instances the common carotid was ligated 
even when the internal carotid vessel was primarily closed off in order to 
prevent an increase in side-wall pressure on the carotid sinus. This was done 

upon an unproven assumption that this increase in side-wall pressure upon 
the carotid sinus could induce reflexes which would be deleterious to the 
cerebral circulation and especially harmful to the collateral circulation 
through the circle of Willis. Of possible significance in support of this theory 
is the fact that in this present series, of the 6 hemipareses developing after 
ligation 4 occurred in the only 4 patients in whom the internal carotid artery 
alone was ligated (2 by Selverstone clamps). 

RESULTS OF TREATMENT 
Of the 19 patients, 18 have survived from 6 months to 7.5 years after 
operation (an average of 3.2 years) without a secondary hemorrhage. The one 
postoperative death occurred in a 59-year-old man who was semicomatose 
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with a subarachnoid hemorrhage from an aneurysm of the left internal carot- 
id artery located between the origin of the posterior communicating vessel 
and the bifurcation. He also presented a mild right hemiparesis. Arteriog- 
raphy done 3 days after the subarachnoid hemorrhage and while the patient 
was still stuporous revealed a hemorrhage in the left frontal lobe. This was 
not evacuated but ligations of the common and external carotid arteries 
were carried out immediately after arteriography. He held his own for 24 
hours but then a rapid increase in his hemiparesis occurred and he died with- 
in the next 12 hours. It is reasonable to believe that he would have survived 
if the intracerebral hemorrhage, which was more massive post mortem than 
previously believed, had been evacuated prior to ligation. Case 7, the only 
other patient of the series who had a frontal lobe hematoma, has done well 
for 4.7 years following cervical ligation and evacuation of the intracerebral 
hemorrhage, although a mild hemiparesis persists. This man is gainfully 
employed. 

Of the 18 surviving patients 17 are well and economically useful individ- 
uals. One patient (Case 8) remains hemiparetic and aphasic 4.3 years after 
operation. This individual had had a hemorrhage 5 vears before admission to 
our service with his second subarachnoid hemorrhage at the age of 59. The 
original accident had left him with a mild residual hemiparesis, which in- 
creased to complete hemiparesis with aphasia after a one-stage ligation of 
the common and external carotid vessels. The increased hemiparesis and 
aphasia were apparent approximately 24 hours after ligation and have failed 
to improve sufficiently for the patient to be economically independent. 

Five other patients manifested a hemiparesis, with or without aphasia, 
12 to 72 hours after ligation, but this cleared completely in 3 patients, and 
sufficiently in the other 2 for the patients to have returned to full-time 
employment. One of the latter, Case 7, who had an intracerebral hematoma 
evacuated from his right frontal lobe, has had several grand mal seizures in 
his postoperative period, easily controlled by anticonvulsant therapy. Of 
the total of 6 patients who suffered a neurological deficit as result of carotid 
ligation (Table 2), 2 were the only patients who had had the internal carotid 
totally occluded in one stage, but in neither of these patients was the deficit 
permanent. Two other patients suffered hemiparesis 12 to 24 hours after 
total occlusion of the internal carotid vessel had been accomplished by means 
of a Selverstone clamp, 1 having a permanent residual hemiparesis which is 
not incapacitating. One other patient had a hemiparesis which appeared 72 
hours after the common and internal carotid arteries had been ligated in one 
stage, and lasted 2 days. The sixth patient was permanently incapacitated, 
as mentioned above, following ligation of the external and common carotid 
arteries simultaneously. It may be noted further in Table 2 that when the 
internal carotid artery was ligated at an interval after ligation of the common 
carotid or when ligation of the common carotid alone was relied upon, these 
patients had no morbidity. While the number of cases are too few for this 
observation to have true significance, it is, nevertheless, suggestive. 

There were 9 palsies of the 3rd nerve, 8 accompanying the subarachnoid 
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hemorrhage and the other appearing spontaneously without certain evidence 
of hemorrhage. Seven have cleared completely in a period from 3 weeks to 2 
months after ligation. One patient who has persistent 3rd nerve weakness 
after carotid ligation has recovered from the ptosis and has effective but weak 
action of the superior and inferior rectus. She has learned to suppress the 
image from this eve and consequently has no complaints of diplopia now, 4 
vears and 2 months after operation. It is further to be noted that this patient 


TABLE 2 


Permanent 


Type of Carotid Ligation No. Morbidity Morbidity 
Common carotid 2 0 0 
Internal carotid Q 2 1 
Selverstone clamp on internal carotid 2 2 1 
Common carotid & external carotid (1 stage) 8 1 1 
Common carotid & internal carotid (1 stage) 2 1 0 
Common carotid & internal carotid (2 stage) 3 0 0 


had multiple aneurysms of her internal carotid artery. Another patient is im- 
proving but follow-up is too short to be certain of the ultimate outcome of 
her 3rd nerve palsy. 

COMMENT 

Despite the great interest in this subject there is as vet a scarcity of re- 
ports giving long-term results of surgical treatment of intracranial aneu- 
rysms. Most articles deal with only immediate surgical results or do not 
analyze results with respect to location of the aneurysms. Black and Ger- 
man,® and MecKissock and Walsh’ have recently published large series of 
patients with aneurysms of the internal carotid artery treated by cervical 
ligation alone with results comparable to those obtained in this series. 

The former authors reported only 2 recurrent hemorrhages in 33 patients 
followed for an average of 5 years (up to 16.6 vears). They were not certain 
that hemorrhage had recurred in these 2 patients, both of whom had had 
only the common carotid vessel ligated. McKissock and Walsh also had only 
2 possible recurrent hemorrhages in 83 aneurysms of the internal carotid 
which had been treated by cervical ligation and again both were in patients 
with only the common carotid ligated. As has been pointed out above, in the 
series of patients presented herein all but 2 had effective ligations of the in- 
ternal carotid artery without a recurrent hemorrhage having been en- 
countered to date. However, Bassett and Gass! reported 2 patients with pre- 
sumed (but unproven) recurrent hemorrhages after cervical ligation of the 
internal carotid at 3 and 11 months postoperatively. It does appear that a 
very high degree of protection from recurrent hemorrhage is obtained by 
cervical carotid ligation, especially if the internal carotid is occluded. Svien 
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and Hollenhorst,” in a study of retinal artery pressures, have noted that after 
ligation of the common carotid artery a significant decrease in pressure usu- 
ally results but is not maintained; while after ligation of the internal carotid 
artery the retinal artery pressure is decreased indefinitely. This further indi- 
cates the desirability of excluding the collateral flow of the external carotid in 
the treatment of these aneurysms. 

It is clear that when patients are relatively stabilized and conscious fol- 
lowing a subarachnoid hemorrhage from an aneurysm of the internal carotid 
artery, cervical ligation can be carried out with great safety. Indeed, in the 
series quoted above,*? and in our own, the only immediate mortalities en- 
countered were in the desperately ill and comatose patients. We had pre- 
viously recognized the futility of this approach and limited our treatment of 
these desperately ill patients to symptomatic measures, hoping they would 
recover sufficiently to permit surgical procedures that would prevent recur- 
rence of hemorrhage. In general, it may be stated that patients with aneu- 
rysms who have had a subarachnoid hemorrhage should not have definitive 
surgical procedures performed unless they are conscious, and if they are 
conscious definitive surgery should be done as soon as possible, lest they be- 
come unconscious from continuing or recurrent hemorrhage. Therefore, the 
time interval between onset of bleeding and surgical intervention cannot be 
rigid. Surgical intervention does not remedy the neurological deficit caused 
by a severe subarachnoid hemorrhage, even if it does succeed in stopping 
the bleeding. It, of necessity, adds to the deficit that the cerebral circulation 
has to overcome, and if ligation of a vessel is performed, this added insult can 
be, and often is, insurmountable. Therefore, the primary objective of the 
surgical attack, prevention of recurrent hemorrhage, will be best served 
when the neurological deficit is at a minimum. 

Any intracranial approach in the treatment of this type of aneurysm of 
necessity offers a greater likelihood for mortality and morbidity than the 
relatively simple procedure of cervical carotid ligation. Reports in the litera- 
ture confirm this possibility. Bassett et al.2 reported an operative mortality of 
40 to 50 per cent for an intracranial approach to carotid aneurysms, as op- 
posed to 3 to 4 per cent for carotid ligation. Ténnis" ligated the carotid artery 
in the neck of 10 patients with intracranial aneurysms of the internal carotid 
artery without a death and had 2 deaths in 19 cases of aneurysms attacked 
intracranially. Steelman e¢ al.® ligated the carotid artery of 12 patients in 
the neck without a death and had only 1 death among 29 patients operated 
upon intracranially for carotid artery aneurysms. Hamby® had approxi- 
mately the same mortality (25 per cent and 22 per cent) whether he ligated 
in the neck or used an intracranial procedure. These statistics are difficult to 
reconcile, but probably the results vary depending on the indications for 
surgery each author chose to adopt. 

With regard to morbidity, it is reasonable to believe that hemiplegia will 
occur as often when the carotid artery is ligated intracranially as when liga- 
tion is done extracranially. Clipping the neck of the aneurysm is at best 
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hazardous and if relied upon alone, will certainly be the procedure with the 
highest mortality. In addition, the other hazardous factors of intracranial 
surgery, reduced as they are in modern neurosurgical technique, must still 
be taken into account. In our own experience, several patients operated upon 
intracranially have had to be maintained on anticonvulsant therapy in- 
definitely following surgery, as one example. 

In our series the course of hemiplegia, when it develops following cervical 
carotid ligation for intracranial carotid aneurysm, is not too unhappy and 
confirms the opinion expressed by Bassett and Gass! and Black and Ger- 
man’ that cervical carotid ligation is a reasonably benign procedure in this 
regard. We have ligated the internal carotid artery in patients over 40 years 
of age without increase in morbidity. This is contrary to the opinion of 
Black and German who recommended only common carotid ligation after 
40 years of age. Indeed, one woman of 70 in our series had an effective liga- 
tion of the left internal carotid artery and has been followed for 5 years in 
which she has been fully competent and useful and, moreover, has recovered 
from a 3rd nerve paralysis caused by her aneurysm. The average age of our 
patients in whom weakness of their opposite extremities developed following 
ligation was 46 years as opposed to 46.7 vears in the group of patients with- 
out morbidity, indicating that age is not a significant factor in the develop- 
ment of hemiplegia following carotid ligation. In our experience the pa- 
tients had adequate collateral circulation since hemiplegia develops for the 
most part 48 to 72 hours after ligation. It is likely that ascending thrombosis, 
or possibly development of emboli, are the critical factors. 

While it appears from the foregoing that carotid ligation is not only 
effective, but relatively safe in the treatment of intracranial aneurysms of 
the internal carotid artery, it should be mentioned that this form of treat- 
ment has been singularly dangerous in cases in which the aneurysms were 
located on either the anterior cerebral or anterior communicating artery. In 
a personal series of 6 such patients, 3 died immediately postoperatively with 
a complete hemiplegia as opposed to only 2 deaths in 7 patients in whom 
similar aneurysms were exposed intracranially and the anterior cerebral 
artery was clipped. It is evident that aneurysms on the anterior cerebral 
artery, and especially on the anterior communicating artery, impair the 
possibility of collateral circulation through the cirele of Willis following 
cervical carotid ligation. 


SUMMARY 


A series of 19 consecutive patients with intracranial aneurysms upon the 
internal carotid artery treated by cervical carotid ligation alone are re- 
ported after having been followed up to ¢.5 years (on the average 3.2 years), 
without evidence of recurrent hemorrhage. There was 1 immediate post- 
operative death and 1 patient is permanently incapacitated with a hemiplegia. 
Seventeen patients are economically useful. There were six postoperative 
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hemiplegias, of which 3 cleared completely and 2 have improved sufficiently 
for the patients to work. 

From these results, and a review of the literature, it appears at this time 
that there is no necessity of attacking this type of aneurysm intracranially. 
This conclusion could only be modified by the recording in the future of the 
failure of cervical ligation of the internal carotid artery to protect against 
recurrent hemorrhage from intracranial aneurysms on the internal carotid 
artery. 

Ligation of the internal carotid artery at an interval after ligation of the 
common carotid artery appears to be safest in regard to prevention of mor- 
bidity, although the data are insufficient to be completely certain of this 

: 5 a 
pot. 

Morbidity does not seem to be related to the age of the patient at the 
time of ligation. 

REFERENCES 
1. Bassett, R. C., and Gass, H. H. Ligation of internal carotid artery for aneurysmal lesions of circle 
of Willis. J. Amer. med. Ass., 1951, 147: 842-846. 
2. Bassert, R. C., List, C. F., and Lemmen, L. J. Surgical treatment of intracranial aneurysm. Surg. 

Gynec. Obstet., 1952, 95: 701-708. 

3. Buack, S. P. W., and German, W. J. The treatment of internal carotid artery aneurysms by proxi- 

mal arterial ligation. A follow-up study. J. Neurosurg., 1953, 10: 590-601. 

. Fatconer, M.A. The surgical treatment of bleeding intracranial aneurysms. J. Neurol. Neurosurg. 

Psychiat., 1951, n.s. 14: 153-186. 

5. Grav, C. J. Surgical treatment of angiographically localized intracranial aneurysms. A follow-up 

report. Neurology, 1956, 6: 686-692. 

3. Hampy, W. B. The surgical treatment of intracranial aneurysms. Results in angiographically lo- 

cated lesions. Arch. Neurol. Psychiat., Chicago, 1956, 75: 345-349. 

. McKissock, W., and Watsu, L. Subarachnoid haemorrhage due to intracranial aneurysms. Results 
of treatment of 249 verified cases. Brit. med. J., 1956, 2: 559-565. 

3. Popren, J. L. Specific treatment of intracranial aneurysms. Experiences with 143 surgically treated 
patients. J. Neurosurg., 1951, 8: 75-102. 

. STEELMAN, H. F., Hayes, G. J., and Rizzoui, H. V. Surgical treatment of saccular intracranial 
aneurysms. A report of 56 consecutively treated patients. J. Neurosurg., 1953, 10: 564-576. 

. Sven, H. J., and HoLLeNnnorst, R. W. Pressure in retinal arteries after ligation or occlusion of the 
carotid artery. Proc. Mayo Clin., 1956, 31: 684-692. 

11. TOnNis, W. Die Behandlung der intrakraniellen Aneurysmen. Deutsch. med. J., 1952, 3: 1-4. 











LYOPHILIZED HUMAN DURA MATER AS A 
DURAL SUBSTITUTE* 
PAUL C. SHARKEY, M.D., FRANCIS C. USHER, M.D., R. C. L. ROBERT- 
SON, M.D., ann CLAUDE POLLARD, JR., M.D. 
Department of Surgery, Divisions of Neurological Surgery and General Surgery, 
Baylor University College of Medicine, Houston, Texas 
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INCE the latter part of the 19th century, in efforts to minimize or pre- 
vent cortical adhesions, many different tissues and materials have been 
used as a dural substitute. These have included autogenous transplants 

of dura mater, fascia lata, pericranium, temporal fascia, muscle and fat." 
Others have used metals such as gold,’ platinum, silver, aluminum, nickel,’ 
stainless steel, and tantalum.’:*!’ Some investigators have tried rubber 
sheet,! parchment," gutta-percha, celluloid, cellophane,’ human amniotic 
membrane, amnioplastin, beef allantoic membrane, and Cargile mem- 
brane.”: More recent efforts have been directed toward the use of polyvinyl! 
alcohol film,” fibrin film,?"!? Gelfoam film,'* polyethylene film,**:!° gelatin 
film,®:" and the more modern synthetics, Orlon® and Vinyon “N,’’!® in dural 
grafting and repair. 
METHOD 

The lyophilized dura mater was prepared in the following manner: Dura mater 
was obtained at autopsy, sterilized by immersion in ethylene oxide, then freeze- 
dried. The finished product is packaged in Pyrex glass tubes sealed in an atmosphere 
of nitrogen. 

The lyophilized dura mater is prepared for use by removing the dehydrated 
dura mater from the sealed tube and soaking it in normal saline for 10 minutes. The 
reconstituted dura mater is then ready for use, its tensile strength being about that 
of fresh dura mater. 

STUDIES OF THE GRAFTS 

Repeated cultures have shown that the lyophilized dura mater is sterile. 
The use of antibiotics following implantation of the dura mater is advisable, 
however, as it is a foreign material. One of us has used the lyophilized dura 
mater in over 50 cases of hernial repair with no wound infections.”° 

We had occasion to examine the implanted dura mater in 3 of the patients 
on whom hernial repair was performed, at 8, 8 and 7 months postoperatively. 
One of these patients came to autopsy and the other 2 had recurrences for 
which they were reoperated upon. In all 3 patients the dural homograft was 

* Presented at the Fifth Annual Meeting of the Houston Neurological Society, March 1-2, 1957, 
Houston, Texas, and at the Ninth Annual Meeting of the Southern Neurosurgical Society, March 15-16, 
1957, Nashville, Tennessee. 
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found to be intact and increased 2 to 3 times in thickness. The dura mater on 
microscopic examination was found to be partially replaced by white fibrous 
tissue from the host, and was quite pliable in texture. There was no evidence 
of foreign-body reaction or excessive scar formation (Fig. 1). 

This persistence of the homograft and its gradual replacement by white 
fibrous tissue has also been observed in patients after excision of aortic aneu- 
rysms with replacement by homografts. A number of these patients have 


Fic. 1, Dural homograft taken at autopsy 8 months after implantation. Normal dura mater on the right 
for comparison. Note increased thickness of the homograft produced by fibroplasia. 


been either reoperated upon or have died and come to autopsy, affording an 
opportunity to observe the fate of these grafts over periods of time up to 4 
vears. In most instances it was reported that the original homografts were 
intact, although covered on both sides by fibrous tissue from the host. 
From these observations it is reasonable to conclude that the dural homo- 
grafts are slowly replaced by white fibrous tissue and that the integrity of the 
dead homograft is maintained during this slow process of replacement. 


CLINICAL RESULTS 
This paper reports the use of lyophilized dural grafts in 12 patients 
treated in the affiliated hospitals in the Baylor University College of Medi- 
cine program. There were 7 self-inflicted gunshot wounds of the head, 1 ax 
wound of the head, 3 brain tumors (2 meningiomas and 1 glioblastoma) and 
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1 spinal cord tumor (ciffuse astrocytoma). The necessity for grafting in 3 of 
these cases was to repair a cerebrospinal fluid fistula (2 frontal and 1 spinal). 
The others were done following debridement or removal of tumor (Table 1). 

Although the dural grafts in all cases were considered successful and the 
cerebrospinal fluid fistulas have remained closed, there were complications in 
2 cases. A third patient died the first postoperative day because of an over- 
whelming craniocerebral injury. 


TABLE 1 
Type of cases 


Gunshot wounds of the head 
Ax wound of the head 
Tumors 
Brain 
Meningioma 
Glioblastoma 1 
Spinal cord 
Diffuse astrocytoma ] 


— i =) 


w 


Three of the 12 cases in this report (Table 2) will be described briefly: 
i.e., the 2 in which complications occurred and 1 in which the postoperative 
course was uncomplicated. 


Case 10. A 69-year-old white female had had progressive personality change for 
8 years and convulsive seizures for 6 months. Neurological examination revealed 
mild personality change, blurring of the left optic disc, and hyperactive reflexes on 
the right side. Roentgenograms of the skull showed abnormal calcification and in- 
creased vascular channels in the left frontal bone typical of a meningioma; these 
findings were further substantiated by carotid angiography. A left frontotemporal 
craniotomy was done, with removal of a meningioma and its attached dura mater. 
The dural defect was covered by a lyophilized dural graft, 55 em. in size. 

One month later she became drowsy and aphasic. Neurological findings were 
motor aphasia, weakness of grip of the right hand, hyperactive reflexes on the right 
and a positive Babinski sign. The operative site was reexplored. The dural graft 
was normal in appearance, but was tense and bulging. A subdural abscess (Staphylo- 
coccus aureus) containing 1 oz. of pus was found and evacuated. Following catheter 
irrigation and antibiotic therapy, the patient promptly recovered. 


Case 5. A 35-year-old white male sustained a gunshot wound anterior to the 
right external auditory meatus with the wound of exit in the lateral margin of the 
left orbit. Examination revealed a blind, immobile left eye, nuchal rigidity and 
mental confusion. Routine debridement was done. 

Six weeks later a rhinorrhea developed which was refractory to the usual treat- 
ment. A bifrontal craniotomy, with closure of bilateral sinus tracts of the cribriform 
plate and placement of a large lyophilized dural graft, was performed. Postopera- 
tively a foreign-body reaction occurred. There was clear serous drainage which sub- 
sided during conservative treatment. 

He was readmitted to the hospital 3} months later because of drainage for 2 
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Diagnosis 


Gunshot wound 
Left temporal 


Gunshot wound 
Left parieto-occipital 


Gunshot wound 
Right parietal 


Gunshot wound 
Left frontal 
CSF rhinorrhea 


Gunshot wound 
Right temporal 
CSF rhinorrhea 


Gunshot wound 
Bifrontal 


Gunshot wound 
Right frontal 


Ax wound 
Right temporoparietal 


Meningioma 
Right parietal 


Meningioma 
Left frontotemporal 


Glioblastoma 
Left frontal 


Astrocytoma 
Spinal cord 
CSF fistula 


TABLE 2 


Summary of cases 


Operative Procedure 


Dural graft 
4X4 cm. 


Dural graft 
3X3 cm. 


Dural graft 
4X4 cm. 


Dural grafts: 
7.5X17 em. for 
fistula; 4X5 cm. 

for pericranial defect 


Dural graft 

5X12 cm. 

Bilateral dural grafts 
4X5 cm. 


Dural graft 
2X3 cm. 


Dural graft 
4X9 cm. 


Dural graft 
6X7 em. 


Dural graft 
5X5 cm. 


Dural graft 
5X6 cm. 


Dural graft 
2.5X5 em. 


Complications 


None 


None 


None 


None 


Extradural 


abscess 


None 


None 


None 


None 


Localized sub- 


dural abscess 


None 


None 


Length of 
Follow-Up 


16 mos. 
16 mos. 


8 mos. 


16 mos. 


6 mos. 


8 mos. 
Died 9 days 
postop 


Died 1 day 
postop. 


8 mos. 


8 mos. 


Died 6 mos. 
postop. 


Died 33 days 
postop. 


months from two sites in the coronal incision. Roentgenograms of the skull indicated 
devitalization of the bone flap. It was removed, together with an extradural abscess 
and granuloma. The lyophilized dura mater was preserved over the floor of the 
anterior fossa and over the frontal lobes. He was successfully treated with antibi- 


otics and catheter irrigations. 


Case 9. A 61-year-old white female had had gradual onset of weakness of the left 
arm followed by weakness of the left leg and mental confusion. Positive neurological 
findings were disorientation, left hemiparesis with central facial paresis, left hyper- 
reflexia, left Babinski, and bilateral papilledema. Right carotid angiography demon- 
strated a tumor stain in the right parietal lobe. A right parietal craniotomy was per- 








196 SHARKEY, USHER, ROBERTSON AND POLLARD 


formed and a meningioma, 9X8 X8 cm. in size, was removed with attached dura 
mater. The dural defect was covered by a lyophilized dural graft, measuring 6X7 
em. Postoperative recovery was uneventful. 

DISCUSSION 

The complication in Case 10 was a localized subdural infection (Staphy- 
lococcus aureus) which responded rapidly to evacuation, irrigation and anti- 
bioties. This patient also had a history of furunculosis and infections of the 
genitourinary tract; cultures had yielded a growth of Staphylococcus aureus. 
We do not believe that the complication in this case was caused by any con- 
tamination of the dural graft. On numerous occasions these grafts or portions 
of them have been cultured and in no instance has there been a positive cul- 
ture. 

In Case 5 the complication consisted of serous drainage for 8 days from 
one end of the coronal incision. In this case, a large dural graft, measuring 
5X9 X12 cm., was used, together with bone dust in the frontal burr holes. 
Since this was sterile serous discharge, it was attributed to a foreign-body re- 
action. We believe that, as with any foreign body, only sufficient lyophilized 
dura mater should be used to cover the defect. 

This patient was operated upon again 33 months later, and the bone flap 
was removed. The source of the extradural abscess was from the ethmoid 
and sphenoid sinuses, which appeared infected at the time of the first craniot- 
omy. The dural graft was intact over the floor of the anterior fossa and over 
the frontal poles, and the uppermost portion of it could not be distinguished 
from the dura mater of the host. This intact dural graft was not removed. 
Since an obvious source of infection was found, we believe that this complica- 
tion was not caused by any prior contamination of the graft, but rather by 
inadequate preoperative treatment of the sinusitis. 

Although as a general rule lyophilized dura mater can be used in cases of 
acute gross injuries, it perhaps should not be used when severe infection is 
anticipated. In 1 instance we used it in a potentially contaminated gunshot 
wound of the head with no difficulty arising from its use (Fig. 2). 

Lyophilized dura mater is a convenient and satisfactory dural substitute 
and may be useful in the following conditions: 

(1) Defects caused by trauma. 

(2) Closure of cerebrospinal fluid fistulas. 

(3) Defects caused by removal of tumor. 

(4) Closure of pericranial or temporal fascial defects. 

(5) Closure of dura mater in explorations of posterior fossa when other- 
wise impossible. 

(6) Closure of congenital dural defects. 

The purpose of this paper is not to present the use of lyophilized dura 
mater as a material superior to others now in use but as an effective and 
readily available material for dural repair. It is now produced commercially* 
and can be on hand in centers caring for large numbers of injured patients. 


* Taylor Laboratories, Inc., Houston, Texas. 
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Fic. 2. This photograph made during tantalum cranioplasty shows a 3}-month-old lyophilized dural 
graft. The graft blends imperceptibly with the dura mater of the host. 


SUMMARY 


1. Lyophilized human dura mater has proved to be a satisfactory, con- 
venient, and readily available dural substitute. 

2. A brief review of its preparation has been described. 

3. This material has been used in 12 patients with good results. They 
have been observed from 33 to 13 months. 
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HYPOTHERMIA IN THE TREATMENT OF 
CEREBRAL TUMOURS* 
C. B. SEDZIMIR, M.D., axv J. W. DUNDEE, M.D. 


Regional Neurosurgical Centre, Walton Hospital, and the University of Liverpool, 
Liverpool, England 


(Received for publication May 10, 1957) 


NTEREST in the use of hypothermia at the Regional Neurosurgical Centre, 

at Liverpool, arose from the experience gained by our colleagues in 

anaesthesiology in general and in thoracic surgery.* Our first case, in 
October 1953, was one of removal of an olfactory groove meningioma in a 
debilitated elderly patient in whom two previous attempts at surgery had 
to be abandoned because of bleeding. Despite the transfusion of 4 litres of 
blood, only about one-quarter of the tumour could be removed at already 
the second attempt during an 11-hour operation at normal temperature. 
With a moderate degree of hypothermia (30°C.) combined with trimetaphan 
(Arfonad)-induced hypotension, total removal of the tumour was completed 
in 4 hours without the necessity of blood replacement.’ Encouraged by this 
success, during the next months operations were performed on patients with 
aneurysms, using the hypothermia-hypotension combination, and hypo- 
thermia was induced as a therapeutic measure in a child with severe primary 
brain-stem injury and in other conditions.” We have now employed hypo- 
thermia in patients with practically every type of tumour, both above and 
below the tentorium, when complete removal seemed possible. 

RATIONALE 

In a preliminary report® in April 1954, we pointed out that the aim was 
not simply to use hypothermia, but to combine it with controlled hypoten- 
sion (produced by ganglion-blocking drugs) when required. The title of this 
communication, “Safer Hypotension,” illustrates our views on one of the 
indications for hypothermia in neurosurgery. It is not necessary to elaborate 
on the benefits of hypotension to the neurosurgeon, especially during removal 
of vascular tumours or surgery of aneurysms. It has been shown that the 
decrease in cerebrovascular resistance during chemically induced hypoten- 
sion permits adequate cerebral oxygenation at low blood pressures in normal 
subjects.°:3 There is evidence, however, of interference with cerebral 
circulation in some subjects! and cerebral damage has been demonstrated by 
the flicker-fusion test!’ and by the electroencephalogram after controlled 
hypotension." Any already existing interference with cerebral blood flow, 
such as is likely to be present in patients with cerebral tumours or intra- 
cranial haemorrhage, will accentuate the effects of hypotension, and 


* Based on the paper presented to the First International Congress of Neurosurgery, Brussels, 
Belgium, July 21-28, 1957. 
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cerebral hypoxia is likely to result. By virtue of its effect in reducing consump- 
tion of cerebral oxygen?® hypothermia will protect the brain from the effects 
of anoxia. 

Aserman! has described “retractor anaemia” as a cause of death in 3 
neurosurgical patients following induced hypotension. He suggests that, in 
the presence of intracranial hypertension, pressure by a brain retractor may 
be transmitted to comparatively distant parts of the brain, depriving them 
of their blood supply and causing irreversible and possibly widespread dam- 
age. These effects should be avoided by the use of hypothermia. 

It was hoped that hypothermia alone would induce a sufficient degree of 
hypotension. This has not materialised as shown by the necessity of use of 
trimetaphan in almost half the patients in our first 50 cases.‘ This will be 
discussed fully later. 

Rosomoff and his colleagues'*!° have shown that, in addition to reducing 
cerebral metabolism, hypothermia decreases intracranial pressure. Cerebro- 
spinal fluid pressure and venous pressure vary proportionately with the 
temperature. Hypothermia reduces brain volume by 4.1 per cent at 25°C.; 
and its combined effects increase the intracranial space not occupied by 
brain by 31.8 per cent. There is no evidence to suggest that ganglioplegic 
drugs produce any decrease in the volume of the brain whereas many writers 
have testified to the beneficial effects of hypothermia in this respect in clin- 
ical cases.4*:18 Lundberg et al. have suggested that hypothermia may be 
able to diminish or counteract swelling of the brain by diminishing the risk 
of general hypoxia and decreasing the cerebral blood pressure and blood 
flow. 

The major advantage of hypothermia to the neurological surgeon is a 
prolongation of the permissible time of total occlusion of the afferent circula- 
tion of the brain.*:!?:5- The main value of this is in vascular surgery, but 
occasionally it may be necessary in removal of tumours.’ With the technique 
to be described, complete occlusion of the middle cerebral artery for periods 
up to 15 minutes has been carried out in this Centre, without producing 
apparent cerebral damage.° 

TECHNIQUE 

This has been described previously in detail,* and will only be mentioned briefly 
in this publication. 

Preoperative medication is with chlorpromazine, with or without meperidine 
and/or Phenergan. Light general anaesthesia is induced with Thiopental, the larynx 
is sprayed thoroughly with 4 per cent lidocaine and oral intubation is carried out 
with a flexometallic tube after succinylcholine. The maintenance of anaesthesia is 
with a large flow of nitrous oxide-oxygen (with a T-piece open circuit) and ether is 
used for the first 10-20 minutes to aid the peripheral vasodilatation. 

Surface cooling is commenced, once the patient is asleep, by application of ice 
bags all over the body and laying the patient on a large ice pack. The position of the 
ice bags is changed frequently and sometimes the patient is tipped in the head-down 
position at regular intervals to promote redistribution of the cooled blood. The ice 
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is removed at 33-31°C., depending on the build of the patient and the final tempera- 
ture required. The after-drop usually varies from 1.5 to 3°C., and is fairly predict- 
able. During the operation spontaneous respiration is allowed to persist unless this 








































3 is markedly depressed by the intracranial pathology. 
' ; Unless the temperature has fallen below 28°C., no attempts at rewarming are 
; 3 made at the end of the operation. When necessary, radiant heat is applied until this 
| ‘§ temperature is reached. In the absence of any active means of rewarming, the nor- 
. ; mal body temperature is usually reached within 12 hours of the end of the opera- 
TABLE 1 
f Operations under hypothermia (to end of 1956) 
f = = —————— —! — — — a — 
e Vascular lesions 68 
Aneurysms 57 
Arteriovenous anomalies 1 
g Tumours 94 
a y Meningioma 34 
e Glioma 26 
8th nerve tumour 18 
3 Suprasellar cyst 5 
V Y Secondary carcinoma 5 
‘* Dermoid Q 
3 Haemangioblastoma 2 
rs a Sarcoma 1 
A~ 2 Pituitary 1 
on 3 Miscellaneous 12 
. ; Total 174 
sk re Se apiicata —— — ~_ — 
od r. ' , oe ; : , 
’ tion. On occasions it is desirable to continue the hypothermia as a therapeutic 
a measure into the postoperative period. This will be discussed later. 
a : 
ja- x This technique has the advantage of being simple, requiring no expensive 
ut : or specialised apparatus. It can be carried out comfortably by one anaesthe- 
ue p tist with the help of a nurse or operating-room technician. The time taken 
ds to reach the desired temperature compares favourably with other more 
ng elaborate methods used in neurosurgery.” Because of its simplicity, the 
advantage of hypothermia by using this technique can be made available to 
hospitals with the minimal resources. However, it should not be used by 
those who have not a full understanding of the underlying principles and 
fly dangers of hypothermia. As with any other technique, its success and safety 
depend on meticulous attention to detail and constant supervision of the 
line 4 patient. 
ynx ie: CLINICAL RESULTS 
out ; r a 
. The data presented here are based on 174 cases up to the end of December 
ais isi i ° ry 
he 1956 (Table 1), 94 of which were cases of cerebral neoplasms. The degree of 
hypothermia achieved is shown in Table 2. 
ine =| 9 From observations of the first few cases in this series it was reassuring to 
‘the | find that hypothermia produced what had been expected on theoretical 
own grounds. But it was soon realised in this work that the hypotension produced 
» ice by hypothermia alone was unpredictable and not infrequently of insufficient 
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degree, particularly for vascular surgery. Trimetaphan was used less fre- 
quently (25 per cent) in operations for cerebral tumours than during 
rascular surgery (79 per cent). 

It is suggested that the reasons for this difference were, firstly, that for 
the safety of the patient the cooling was not carried below 28°-30°C. at which 
temperature the hypotension is usually minimal or of a moderate degree. 
Phe second was the age distribution in the two types of surgery; the majority 


TABLE 2 


Degree of hypothermia achieved 


Minimum recorded rectal temperatures 


Cases Average Range 
All cases 29 .6°C. (85.3°F.) 25 .8°-33.1°C. 
(78.2°-91 .9°F.) 
Vascular lesions 29 .4°C. 25 .8°-32.1°C. 
Tumours 26.7°C. 26 .8°-33.1°C. 


of patients with tumours were middle-aged or elderly, while vascular lesions 
occurred mainly in the younger age groups (Table 3). The final reason was 
the necessity for profound hypotension (40 mm. Hg systolic) during several 
operations on vascular lesions, while accepting a systolic pressure of around 
70 mm. Hg for the vast majority of tumours. 

The advantages of a relatively bloodless operative field in intracranial 
surgery are obvious to every neurological surgeon, hence the consideration 
given to hypotension. During the first few months of experience with hypo- 
thermia in the Liverpool Unit, it was reserved exclusively for operations on 
rascular lesions and highly vascular tumours such as meningiomas and 
acoustic neuromas. With the passage of time it has been induced in patients 
with practically any type of tumour above or below the tentorium in the pres- 
ence of considerable or long-standing raised intracranial pressure. The over- 
all time involved in operating on intracranial tumours and vascular anomalies 
was compared in two series; one, performed under standard anaesthesia be- 
fore 1954, and the other the present series (Table 4). It can be seen that the 
actual operating time has been shortened by about one-third. The anaes- 
thetist’s time has been slightly increased (2-6 per cent). 

Of greater importance than reduction in the work of the surgeon was the 
ease with which it was possible to operate with greater precision and with 
absolute minimal operative trauma to the brain and blood vessels. This re- 
duction in operative trauma and in the necessity for occluding cortical veins 
is regarded here as the main reason for the low incidence of cerebral oedema. 
It ceased to be a major problem during the operation and in the postopera- 
tive management. 

The second major advantage of operating under hypothermia is the fall 
in intracranial pressure with reduction of brain volume. In this series in the 
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TABLE 
Use of Arfonad 


Age group 


tbc Vascular lesions Tumours 
(years) . 
Below 25 100% 44% 
25-50 88% 27% 
50 and over 55% 4% 


Average temperature: 28.6°C. 


majority of the cases, even in the presence of large neoplasms, advanced 
papilloedema and dulling of consciousness from local and general increased 
intracranial pressure, the exposed dura mater was not tense. It has been 
opened safely without preliminary tapping of the ventricle or intravenous 
injections of hypotonic solutions. The brain did not bulge, it was frequently 
shrunken and dry, and the dissection of tumours did not necessitate the 
same amount of manipulation and retraction. 

There were, nevertheless, exceptions. In 3 cases of glioma the tension was 
considerable and operative conditions were not as ideal as expected, although 
better than they would have been with orthodox anaesthesia. In only 1 case 
(a meningioma) did acute swelling of the brain occur immediately after re- 
moval of the tumour. In this case, the operative conditions during removal 
were absolutely perfect. The meningioma was parasagittal in the posterior 
frontal region. Only one cortical vein had to be sacrificed. The removed 
tumour weighed 120 gm. The swelling assumed alarming proportions and the 
dura mater had to be opened over a large area. Intravenous administration 
of hypertonic sucrose did not help. The bone flap could not be sutured and 
was left riding and the patient was kept hypothermic for 24 hours after 


TABLE 4 


Duration of anaesthesia and operation in two comparable series 
of patients, with and without hypothermia 


Vascular Lesions Tumours 
Orthodox anaesthesia 
Average time in minutes 
Induction to incision 34 40 
Operation 224 221 
Total 258 261 
Hypothermia 
Average time in minutes 
Induction to incision 123 121 
Operation 143 155 
Total 266 276 
Average changes in time ascribable 
to use of hypothermia 
Operation —36% —30% 
Anaesthesia +2% 
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operation. She regained consciousness within 6 hours and she made a full re- 
covery a few days after operation. There was no second intracranial neo- 
plasm and no suggestion is offered to explain this unusual behaviour. If there 
is ground to suspect that oedema may develop after an operation, an at- 
tempt is made to continue the hypothermia for many hours in the ward. 

One difficulty in maintaining therapeutic hypothermia in patients re- 
covering consciousness, is the problem of control of shivering with the con- 
comitant rise in temperature and consumption of oxygen. Reduction of 
shivering can be achieved by large doses of analgesic drugs, but only at the 
expense of, at times severe, respiratory depression. For this reason the com- 
bination of meperidine and chlorpromazine (as in the preoperative medica- 
tion) was most unsatisfactory. The less marked respiratory depression from 
analgesic doses of Dromoran was impressive, but with safe doses the shiver- 
ing was not entirely abolished. Recently a trial was begun in this Centre 
with a Dromoran-levallorphan mixture. This combination allows the ad- 
ministration of large doses of Dromoran with minimal effects on respiration. 
The ideal ratio of Dromoran to levallorphan (Lorfan) has not been estab- 
lished by clinical experience in hypothermic cases but the ratio used in the 
8 cases in this trial was 4:1. 

In 1 case of glioma, 1 of meningioma and 2 cases of acoustic neuroma, the 
bleeding was troublesome despite adequate hypotension. Although, in several 
vases of aneurysms operated upon in this Centre, advantage was taken of 
the hypothermia to cut off completely the blood supply to an area of the 
brain by temporarily occluding a major cerebral blood vessel, it was never 
felt that there was a case for a similar manoeuvre in the removal of a neo- 
plasm in this series. 

Thus in 6 cases, in one way or another, the combination of hypothermia 
and hypotension did not produce entirely the perfect operative conditions 
that had been expected as a matter of course. Judgment on these cases, 
however, was passed by observers who were perhaps used to working under 
nearly ideal conditions. It may be added that the relative ease with which 
major operations can be performed with the help of this method should 
not encourage the relaxation of a careful operative technique. 

From the point of compiling useful statistical data, the number of tu- 
mours operated upon with the help of hypothermia is still far too small. 
The relative advantages for any particular group of tumours cannot be 
assessed beyond the general principles already discussed. Besides vascular 
tumours, the most interesting neoplasms to follow up will be craniopharyn- 
giomas, when a radical removal is attempted. So far, there are only 3 of these, 
all in children, 2 of whom are now alive and well, and 1 of whom died. In this 
boy postoperative hypothermia was maintained in view of the expected 
hypothalamic disturbances. He regained consciousness and was progressing 
satisfactorily. Some hours after operation he suddenly lapsed into coma and 
his blood pressure became unrecordable. He did not improve despite cortisone 
and a noradrenaline drip and he died 3 hours later. At autopsy a large 
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haemorrhage in the thalamus and a clot in the 3rd ventricle were found. 
This lesion was obviously incompatible with survival. 

There was no death caused by hypothermia in this series, but one of our 
very early patients with aneurysm died as a result of mismanagement. This 
patient was cooled down during the postoperative period to below 26°C. and 
died in heart block. It is now well established that cooling below 27°C. is 
frought with dangers of ventricular fibrillation. In 1 early case re-exploration 
was required for evacuation of a blood clot. Since the craniotomy is now not 
closed until the systolic blood pressure has reached 100 mm. Hg, no reac- 
tionary haemorrhage has occurred. Although minor changes in the coagula- 
bility of the blood have been detected in some cases,!° they have been of no 
clinical significance in this series. 

On the basis of the now extensive clinical experience with cooling, in this 
Centre, and on the basis of the experience of many others as reflected in the 
ever-growing literature, it is submitted that in neurosurgery: (1) a moderate 
cooling to 28°-30°C. is entirely safe and that (2) this degree of cooling offers 
all the advantages of the method.” It may be that in an exceptional case of an 
aneurysm lower temperature may be required if cerebral circulation is to be 
cut off completely for long periods. 

The oldest patient in the series was aged 79 and the youngest 18 months. 
If age means myocardial degeneration and general arteriosclerosis, it is evi- 
dent that these patients require special consideration and particular care 
must be taken not to jeopardize their condition by excessive cooling. 
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HE NECEssITy for closure of dural deficits that develop in conjunction 

with trauma, neoplasms, and congenital malformations has prompted 

surgeons to substitute various materials. 34.6.8.9.12.16.17,20,21.24 "Phe eon- 
tinuing succession of reports in the literature over the years heralding new 
technics, indicate that there has never been an ideal solution to the problem. 
Since each dural substitute has had theoretical or practical disadvantages, 
the search goes on. This communication will record success with the use of 
preserved human dura mater. 

The freeze-dried dura mater was made available through the kindness of 
Commander George W. Hyatt, MC, USN, who, with his associates in the 
Tissue Bank of the Naval Medical School at Bethesda, Maryland, tested its 
efficacy in animal experiments.” Previously this group had developed a 
technic of freeze-drying for processing and storage of dura mater and other 
tissues removed from acceptable cadavers.’ Dura mater is removed under 
aseptic conditions, and rapidly frozen at temperatures ranging from —78°C. 
to —196°C. While still frozen the tissues are placed in a vacuum chamber 
until dried by sublimation, and then stored in bottles under vacuum. Tissues 
preserved by this method may be stored for years at room temperature as 
long as the vacuum is maintained. When a freeze-dried tissue is immersed in 
sterile normal saline for a short interval, there is sufficient return of normal 
physical characteristics to permit surgical handling. 

One patient currently being reported required such extensive replace- 
ment of cranial dura mater that commonly used substitutes were considered 
impractical. On the basis of the assuring results of the use of freeze-dried 
dura mater as a substitute in dogs,” banked human dura mater was first 
used clinically in this case in June, 1954. Since then, 10 dural implants have 
been made in 5 individuals in our series, and 3 freeze-dried dural implants 
have been used in 3 patients in Brown’s series.° The follow-up times in this 
study range from 6 months to 23 years. In one instance, a dural defect in 
the region of the cribriform plate was closed with a banked homograft. This 
individual had sustained a comminuted fracture of the right frontal and 


* Presented at meeting of the Harvey Cushing Society, Detroit, Michigan, April 25, 1957. 
+ Now at Baylor University College of Medicine, Department of Surgery, Houston, Texas. 
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parietal bones, which was compounded via the cribriform plate, and frontal 
and ethmoid air sinuses. Despite implantation into this potentially contami- 
nated field, cerebrospinal fluid rhinorrhea was checked, and all wounds 
healed per primam. In 3 other individuals, the material was used to com- 
pensate for defects in the spinal dura mater, two of which developed in con- 
junction with meningoceles, and the other resulted from a gunshot wound. 
In each instance, water-tight closures were achieved, and there has been no 
untoward reaction, judged by clinical observation. All these persons are im- 
proved, except for the man with laceration of the cauda equina, secondary 
to a gunshot wound. 

Periodic biopsies have been made of the dural implants placed in the 
first patient recorded above. Therefore, the history of this child will be re- 
ported in detail. 

CASE REPORT 

The patient, a 4-year-old child, was admitted in 1953 to the Babies Hospital by 
Dr. John Caffey because of a massive skull tumor (Fig. 1), which involved a major 
portion of the frontal bones, crossed the coronal sutures, and extended into the 
parietal bones, to within a short distance of the lambdoid sutures. The bony lesion, 
together with its outer periosteal covering, was resected in one piece, after biopsy 
and angiography. The underlying dura mater, overlying galea and scalp remained 
to cover the bony defect. 

The lesion promptly recurred and approached preoperative proportions within 
6 months. It was postulated that the osteogenic layer of the dura mater was con- 
tributing to the bony regeneration, and that if the dura mater could be removed, a 
cure might be effected. Therefore, in June 1954, an oval biopsy, measuring 5X7 
cm., was made in the left frontal region, and the underlying dura mater was re- 
moved and replaced with a piece of freeze-dried banked dura mater (Fig. 2). A 
similar procedure of lesser proportions was carried out on the right. 

Five months later, physical and roentgenographie examination showed that the 
lesion had not recurred at the site of the implant, but regrowth of the lesion had 
continued elsewhere. Accordingly, a two-stage resection was carried out in Novem- 
ber and December 1954. At the first operation, the junction between the patient’s 
dura mater and the implant was invisible, and the overlying galea was easily sepa- 
rated by blunt dissection. The freeze-dried dura mater appeared to have the same 
elastic quality as the surrounding tissue. Upon incision (Fig. 3) it was noted that a 
thin grey pseudomembrane separated the banked dura mater from the subdural 
space. The underlying arachnoid was normal in color and free from adhesions. By 
gross observation, the implant was vascularized and oozed blood from its outer sur- 
face and cut edges. Since there was no evidence of bony recurrence, the dura mater 
underlying the lesion was resected and replaced by freeze-dried dura mater in two 
stages. At the beginning of the second stage, it was noted that the 2-week-old im- 
plant was greyish-white and elastic, and early union with host dura mater was evi- 
dent at its margins. 

Approximately 23 years have elapsed since dural replacement without signs of 
recurrence. A small amount of calcific scar and osseous tissue have appeared in the 
midline overlying the superior longitudinal sinus, which was not resected, but 
covered with two overlapping layers of freeze-dried dura mater. 
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Fic. 1. (A) Preoperative photograph showing the contour of the tumor with its major projection 


centered in the left frontoparietal region. (B) Roentgenogram made at 42 months of age. Note trabecula- 
tion of the bony mass. 


Because of the age of the patient, the size of the skull defect, and the failure of 
the remaining posterior skull to keep pace with the growth of the brain, it was 
decided to attempt an obliteration of the bony defect by staged bone grafting. At 
two subsequent operative procedures, autogenous bone from the crest of the ilium 
was grafted into the skull defect. Cancellous bone was removed from both ilia, and 
immediately placed in a solution of 10 per cent human placental cord serum and 90 
per cent Earle’s saline. The bone was divided into small fragments no thicker than 
1 mm. and placed on the bed provided by the revascularized, freeze-dried, dural im- 
plants. Care was exercised to prevent overlapping of bone fragments, and to control 
all bleeding, in order to provide optimal conditions for the immediate survival and 
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Fic. 3. Freeze-dried dural implant opened for biopsy and inspection of 
underlying arachnoid 6 months after implantation. 
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nourishment of bone cells by diffusional nutrition. The gross appearance of the im- 
plant material after 1 and 2 years was essentially the same as described previously. 

Histological study of biopsied freeze-dried human dura mater at 6 months and 2 
years after implantation revealed no evidence of a foreign-body response, except in 
areas adjacent to silk sutures. At 6 months, the bundles of collagen in the implant 
appeared to be hyalinized, and were occasionally fragmented. A few spindle-shaped 
cells with elongated nuclei were interspersed between the bundles of fibers, and an 
occasional large vessel was seen perforating the area of the implant (Fig. 4). Mature 
fibrous tissue lay immediately superficial and deep to the implant. In the interval 
between the host tissue and the implant, mature fibrous tissue was oriented with 
fibers parallel to the direction of the bundles of collagen in the freeze-dried and host 
dura mater (Fig. 5). Trichrome stains revealed the presence of old collagen-like 
material in the areas of implant, which stained red, and corresponded to the areas 
of hyalin-appearing materials in sections stained with hematoxylin and eosin. These 
areas were interspersed with newly deposited, blue-staining collagenous-appearing 
material that followed the original laminated architectural pattern of the implanted 
dura mater. At the end of 2 years, the microscopic picture was essentially the same, 
except that the bulk of the hyalinized material in the implant area had gradually 
diminished, and was ultimately replaced with mature, moderately cellular fibrous 
tissue. 
DISCUSSION 


The results of this limited clinical study indicate that freeze-dried human 
dura mater can serve as a suitable dural substitute. Its physical characteris- 
tics lend themselves to the rapid formation of a water-tight seal prior to 
infiltration by viable host cells. Doubtless a homograft response is evoked 
by the implantation of freeze-dried homogenous dura mater. However, the 
response is probably of a minor degree since the tissue constituents of the 
implants are replaced by host cells in a manner similar to that seen in bone 
and blood-vessel grafts.1*!° Although certain synthetics are moderately inert 
from a biological point of view, they evoke variable foreign-body responses, 
and are not replaced by host cells.!! Water-tight bonds between plastics and 
living tissue are not obtained until the synthetic material is enveloped by a 
pseudomembrane. 

Freeze-dried dura mater can be stored for long periods at room tempera- 
ture, and, therefore, may be as readily available as plastics. Nevertheless, 
there is a potential disadvantage in the freeze-drying technic. The prepara- 
tion of freeze-dried dura mater is costly in manpower and materials. Procure- 
ment must be carried out under aseptic conditions as rigorous as those exist- 
ing in an operating room. In addition the freeze-drying technic requires 
technical personnel trained to operate specialized equipment. Very few in- 
stitutions can undertake a program similar to that developed in the Tissue 
Bank of the Naval Medical School. The implantation of frozen vessels pro- 
cured without aseptic technic from acceptable cadavers and sterilized with 
ethylene oxide or beta propiolactone has proven to be practical.':*> Frozen 
dura mater sterilized by similar technics may prove to be as useful as the 
freeze-dried product. Nevertheless, this will be a compromise, since tissue 
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Fig. 5. (A) Host dura mater. (B) Dural implant. (C) Sites of suture 
6 months after implantation. (Hematoxylin and eosin, X77) 
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stored at — 40°C. deteriorates after a relatively short time.” Cathode-ray and 
gamma radiation have been used to sterilize bone successfully.?:!° However, 
when banked blood vessels are treated by this method, there is a tendency 
for the implants to calcify."* Therefore, this technic may not lend itself as a 
practical method for sterilizing dural implants. 


SUMMARY 


1. Freeze-dried human dura mater has been used successfully as im- 
plants to obliterate deficits in the cranial or spinal dura mater of 5 patients. 

2. Periodic biopsies taken from 1 patient over a 2-year period have 
given histological information on the sequence of events during the incor- 
poration of the implant by the host. 

3. Freeze-dried dural implants offer greater advantages than plastic im- 
plants. 
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DISCUSSION 

Dr. Orvitie T. Bartey: Doctor Campbell has done a very thorough study of freeze-dried 
human dura mater as a dural substitute. His results appear excellent. He has been kind enough 
to send me histological preparations of his material, and I agree in all details with the inter- 
pretation of them that he has made. The collagen of the freeze-dried dura mater does not 
survive per se, but serves as a lattice for entering connective tissue, so that the graft is eventu- 
ally replaced by a new membrane formed from the patient’s own tissues. The collagen of the 
graft, however, survives long enough so that the new membrane assumes the shape of the 
graft. 

Were it not for the technical difficulties involved in the preparation of this material, it 
would be worth extensive clinical trial. As Doctor Campbell progresses to various procedures 
for making the material more available, it will be necessary to make extensive animal evalua- 
tion at each step. From my experience with other dural substitutes, I would feel that difficul- 
ties may be encountered as one progresses away from the freeze-dried aseptic material, but 
the results so far reported would encourage such investigations. The desirability of an ab- 
sorbable dural substitute is emphasized by the results reported by Doctor Bering in the 
preceding paper. 
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A NEW ISOTOPE METHOD FOR DETECTING CONTINUED 
OR RECURRENT BLEEDING AFTER 
SUBARACHNOID HEMORRHAGE* 


SANFORD F. ROTHENBERG, M.D.,t ERNEST J. PENKA, M.D.,t¢ 
AND RICHARD W. GARRITY, M.D.§ 


(Received for publication May 13, 1957 


HE DIAGNOsIS of subarachnoid hemorrhage usually presents no great 
difficulty. However, in the period immediately following the hemor- 
rhage it is usually impossible to determine whether the bleeding is 
continuing or has ceased. Furthermore, for some time after the original 
episode, it is difficult to detect minor recurrences of bleeding. Conventional 
methods of clinical observation and examination of spinal fluid seem in- 
adequate to determine accurately the course of subarachnoid bleeding. 

In order to institute further diagnostic and therapeutic procedures at the 
optimal moment, it may be of considerable value to be able to determine 
whether bleeding has stopped or is continuing steadily or intermittently. 
Much of the difference of opinion that exists regarding the advisability of 
performing surgical diagnostic procedures, such as arteriography in cases of 
subarachnoid hemorrhage and the proper time for instituting such proce- 
dures, arises from a lack of precise information concerning the status of the 
bleeding. That opinions on these matters actually do vary widely will be 
evident from a few examples chosen from the literature on subarachnoid 
hemorrhage. 

Walker,’ in an editorial on subarachnoid hemorrhage, stated: “‘A brief 
survey of the literature on the subject of subarachnoid hemorrhage and 
aneurysms will convince anyone that most of the data now available is so 
incomplete and biased that it only compounds the confusion of an already 
complex issue.”’ He also stated that “indications and contraindications for 
surgical diagnostic and therapeutic procedures to control a bleeding aneu- 
rysm and to prevent future hemorrhages have to date not been clearly 
defined.” 

Silver® advocated that all patients suffering intracranial bleeding be sub- 
jected to prompt cerebral angiography. He further advised that this exami- 
nation be carried out as soon as possible after the episode of bleeding, and 
treatment for the lesion be instituted as soon as practicable. His conclusions 
were based on an analysis of 100 consecutive cases of intracranial bleeding. 

Rowley,” reporting on a mixed analysis of 157 cases of spontaneous sub- 
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arachnoid hemorrhage, regarded patients with spontaneous subarachnoid 
hemorrhage as surgical emergencies and recommended angiography be per- 
formed within 48 hours of the onset of the hemorrhage, to be followed by 
surgical therapeutic measures if the aneurysm is located. On the other hand, 
he advocated conservatism when a patient presents several weeks to months 
following a subarachnoid hemorrhage. 

Magladery! analyzed 235 patients with proven subarachnoid bleeding 
who were admitted to the Johns Hopkins Hospital during the years 1947- 
1954. He concluded by stating that his clinical material does not support the 
view that presently available surgical means of intervention offer any im- 
provement over the current conservative approach. In speaking of angiog- 
saphy, Magladery made an analysis of the 90 patients, out of the whole 
235, who had angiography. He stated that 53 per cent revealed no evidence 
of arterial aneurysm, arteriovenous malformation, or angioma. He further 
stated that the incidence of “positive” examinations was lowest when the 
procedure was performed during the first 7 days, adding that the chances of 
demonstration were found to be about 1 in 3 if done during that time; there- 
after, he added, the odds were about equal. He stated that the mortality rate 
of the 235 patients was 46 per cent in those conservatively treated and 65 
per cent in those operatively treated, surgical measures yielding an added 
mortality of 19 per cent. However, when he tabulated the mortality in a 
smaller group of 95 normotensive patients under 60 years of age, he found a 
29 per cent mortality rate with conservative treatment and 65 per cent with 
surgical treatment, disclosing a disparity of 36 per cent. 

The aforementioned sampling of the pertinent literature stresses the need 
for further fundamental information concerning patients with subarachnoid 
hemorrhage. 

In an effort to provide a simple reliable method for more accurately 
following the course of subarachnoid hemorrhage, a new technique was 
developed. The procedure depends on the demonstration that intravenously 
injected red blood cells tagged with chromium 51 can be detected promptly 
in the spinal fluid when active subarachnoid bleeding is taking place. 


METHOD 

It is now a simple matter for any medical isotope laboratory to tag a 
patient’s red blood cells with chromium 51 within 1 hour. Some hospitals 
store group O blood, already tagged with chromium 51. 

For control purposes, 15 normal individuals were studied. In each of 
these, 50 cc. of blood were withdrawn, tagged with chromium 51 and rein- 
jected intravenously. Five ce. of spinal fluid were obtained 2 hours later and 
24 hours later. The “specific activity” (radioactivity) of these samples of 
spinal fluid was immediately measured. 

In 5 subjects to whose blood 100 microcuries of chromium 51 had been 
added, the specific activity of the spinal fluid was found to range between 
43 and 5 per cent above the background activity (Fig. 1). 

In the other 10 individuals, to whose blood 200 microcuries of chromium 
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51 had been added, the specific activity of the spinal fluid was found to range 
between 0 and 12 per cent above the background activity (Fig. 1). 

The specific activity of the spinal fluid in normal subjects reached its 
highest level within 24 hours after injection of red cells tagged with chromi- 
um 51, and thereafter gradually diminished. The specific activity of the 
spinal fluid of 4 patients with subarachnoid hemorrhage, who were tested 
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Fic. 1. Specific activity of spinal fluid in normal subjects. 


when no active bleeding was evident, yielded a curve identical with that of 
the controls; peak levels were observed within 24 hours and gradually 
diminished thereafter. 

An estimate of the sensitivity of the method was obtained from the 
following experiment: 

The peripheral blood taken from patients 24 hours following the injection 
of 200 microcuries of chromium 51, was introduced in fractionated amounts 
from } ce. to 2 ce. intoa series of flasks containing 180 cc. of normal saline. 
The 180 ec. volume was chosen as this represents the average maximum 
amount of cerebrospinal fluid present in the subarachnoid space and ventric- 
ular system. When only } of a ce. of peripheral blood was added to the 180 
ec. of saline and the radioactivity of 5 ce. of this 180 cc. volume was deter- 
mined, a 20 to 65 per cent increase above background was obtained. 


CASE REPORTS AND LABORATORY DATA 

The following observations were made on 8 patients with spontaneous 
subarachnoid hemorrhage; 4 received blood tagged with 100 microcuries 
and 4 received blood tagged with 200 microcuries of chromium 51. 

The time interval between onset of symptoms and transfusion of tagged 
cells in the 8 patients with spontaneous subarachnoid hemorrhage varied 
from 13 hours to 3 days. In referring to these patients, the term “active 
bleeding” will be used to denote a significant increase of chromium 51 in the 
spinal fluid. 
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Fig. 2. Case 1. 


CASE REPORTS 

Case 1. C.F.S. (Fig. 2) was seen 3 days following the onset of symptoms and 
was “actively bleeding” at the time of admission. Increased bleeding was evident 
on the 4th day, which was 1 day after admission. This ‘active bleeding” was not 
detectable clinically. Five weeks after admission bleeding recurred; 200 microcuries 
of chromium 51 were reintroduced intravenously and “active bleeding” was im- 
mediately in evidence, and continued for 1 day following this second hemorrhage. 
Again his persistent bleeding was not detectable clinically. Nine days following the 
second hemorrhage, during which time he progressively improved, he bled for the 
third time with immediate cessation of both respiration and cardiac action. At 
autopsy a ruptured aneurysm of the basilar artery was found. 


Case 2. C.A. (Fig. 3), seen 18 hours following the onset of symptoms, showed evi- 
dence of ‘“‘active bleeding” 2 hours later. One day later, there was evidence of in- 
creased bleeding. Four days after tagging there was evidence of recurrent bleeding, 
as shown by a rise in the specific activity of the spinal fluid, and perhaps again on the 
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Fic. 4. Case 3. 


6th day. The degree of “active bleeding” and the clinical course could be correlated 
for the first 2 days. After this, the clinical picture improved, but there was no correla- 
tion between recurrent “‘active bleeding” and progressive clinical improvement. 


Case 3. T.H. (Fig. 4) was seen 23 hours after hemorrhage which, by history, was 
the second hemorrhage; the original hemorrhage had occurred 17 days previously. 
At no time during his clinical course was there isotopic evidence of “‘active bleeding.” 
The type of curve shown in Fig. 4 was also obtained in the 15 control subjects. 


. 


Case 4. B.E.S. was seen 13 hours after hemorrhage. No discernible “active 
bleeding” was in evidence at any time during his course, which was one of progres- 
sive improvement. He had a convulsive seizure on the 2nd day, at which time there 
was no isotopic evidence of ‘active bleeding.” This patient, by history, had had a 
previous hemorrhage 12 days prior to admission. 


Case 5. R.M.D. (Fig. 5) was seen within 1 day after hemorrhage. He had a left 
central facial paresis and a left hemiparesis. His clinical course was one of gradual 
improvement. At both 16 hours and 3 days after injection of tagged red cells, there 
was evidence of “active bleeding”; here again, the period of probable “active 
bleeding” could not be correlated with his progressive clinical improvement. This 
patient is classified as a probable ‘active bleeder” because of his isotope uptake 
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curve. Precise classification of this patient can be made only after interpreting the 
curves of a greater number of patients. 

Case 6. H.V. was seen 13 hours after the onset of hemorrhage. “Active bleeding” 
was in evidence 33 hours following the hemorrhage, and persisted for 1 day follow- 
ing the hemorrhage. Her history was one of sudden right orbital pain, vomiting and 
precipitous coma. On the following day, respiration ceased and her blood pressure 
was unobtainable. She was placed in a respirator and given noradrenalin on which 
she was sustained for a period of 6 days. The patient expired on the 7th day. At the 
time she was placed in the respirator, isotopic evidence of subarachnoid bleeding 
was still present. However, from this point on there was no further evidence of 
“active bleeding,” up to and including the day the patient expired. 


Case 7. E.H. was first seen 6 hours following hemorrhage, and at 8 hours follow- 
ing hemorrhage there was no evidence of “‘active bleeding.” There was no evidence 
of “active bleeding” on successive days, during which time the patient progressively 
improved. Angiography revealed an aneurysm of the left middle cerebral artery 
which, however, was ipsilateral to this hypertensive patient’s hemiparesis. 

Case 8. J.G.H. was seen 3 days following hemorrhage, at which time there was 
no isotopic evidence of “active bleeding.” There was no evidence of “active bleed- 
ing’ at any time during his illness. The clinical course was one of progressive im- 
provement. 

Comment. In each patient the isotope level inthe spinal fluid was compared 
with the actual count of the red blood cells per e.mm. in the spinal fluid, 
with the following results. 

In Case 1 the most profuse bleeding was indicated on the 6th day on the 
basis of a rise in the count of red blood cells in the spinal fluid, whereas the 
height of “active bleeding” as indicated by the isotope level occurred at 15 
hours, with a subsequent steady decrease. When the patient had a recurrent 
hemorrhage at 5 weeks, a fall in the count of red blood cells in the spinal 
fluid suggested decreased bleeding on the 2nd day, whereas the isotope level 
reflected “‘active bleeding” continuing on the 2nd day. 

In Case 2 there was a close correlation between the isotope level and the 
count of red blood cells in the spinal fluid. 

In Case 8 the count of red blood cells in the spinal fluid increased 24 
hours after admission, suggesting “‘active bleeding,’ whereas the isotope 
level yielded no evidence of “‘active bleeding” at any time. 

In Case 4 interpretation of the count of red blood cells in the spinal fluid 
was inconclusive, when the isotope level evidenced no “‘active bleeding.” 

In Case 5 the count of red blood cells and isotope level corresponded 
closely. 

In Case 6 a decrease in the count of red blood cells in the spinal fluid on 
the 2nd day could be interpreted as evidence of decreased bleeding, whereas, 
the isotope level reflected “active bleeding” at that time. 

In Case 7 a progressive rise in the count of red blood cells in the spinal 
fluid suggested “active bleeding” for 3 days; the isotope level at no time 
yielded any evidence of “active bleeding.” 
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In Case 8 the count of red blood cells in the spinal fluid suggested “active 
bleeding” for 1 day and 2 days later suggested a recurrence of bleeding. The 
isotope level revealed no evidence of “‘active bleeding” at any time. 


DISCUSSION 

A normal control series of 10 patients who received 200 microcuries of 
‘adioactive chromium 51 intravenously, vielded a maximum uptake of 12 
per cent chromium 51 in the spinal fluid 24 hours later. Five control patients 
who received 100 microcuries of chromium 51 yielded a maximum uptake of 
5 per cent chromium 51 in the spinal fluid at the 24-hour period. 

It is our suggestion that a dose of 200 microcuries of chromium 51 be 
given intravenously to reduce the error of interpretation of active intracran- 
ial hemorrhage. It might be advisable to do the spinal puncture simultane- 
ously with the intravenous injection of the tagged red blood cells, and then 
obtain spinal-fluid samples over a period of the first 10 minutes rather than 2 
hours later. 

By utilizing this procedure in patients with subarachnoid hemorrhage, 
one can determine whether or not bleeding into the subarachnoid space has 
been arrested, is continuing, increasing or is continuing intermittently. One 
finds in this small group of cases, isotopic evidence of bleeding for 2 to 4 
days following the onset of symptoms, as well as isotopic evidence of inter- 
mittent bleeding. There was no correlation between clinical improvement 
and continued “active bleeding” as evidenced by uptake of the isotope in 3 
active bleeders, and in the 1 probable active bleeder. 

What we can gain by knowing whether or not there is active bleeding, 
rests with further experience, acquired only through the study of more pa- 
tients. At this point, one can only speculate. We may be able to improve our 
timing for arteriography. Our judgment may be improved in separating 
those patients who should be treated early surgically, from those who should 
be treated medically, thus decreasing the mortality rate of those patients in 
whom the danger would be increased by early surgical measures, while im- 
proving the chances of cure for those requiring early surgical treatment. 

This method may also afford evaluation of various forms of medical man- 
agement. Curves of isotope levels derived from patients with various causes 
of spontaneous subarachnoid hemorrhage would have to be studied to deter- 
mine whether or not independent patterns actually exist. 

The cause of subarachnoid hemorrhage was a ruptured arterial aneurysm 
in 2 of the 3 active bleeders; both these patients expired. In the third active 
bleeder no aneurysm was found. In the probable active bleeder no aneurysm 
was found. In the 4 patients in whom there was no isotopic evidence of active 
bleeding, no demonstrable aneurysm was found, except in 1 case, in which 
the aneurysm was ipsilateral to the hemiparesis. Vertebral angiography was 
done in only 1 of 8 patients. The patients who showed no evidence of active 
bleeding all survived. The patient who was a probable bleeder also survived. 

In this small series of patients the presence of isotopic evidence of active 
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bleeding was unfavorable prognostically, whereas the absence of such 
dence was favorable prognostically. 

There was no correlation between the count of red blood cells in 
spinal fluid and the uptake of isotope in the spinal fluid in 6 of the 8 patie its, 
On an experimental basis, approximately 2 drops of blood tagged with ce :ro- 
mium 51 dispersed into the cerebrospinal fluid yielded a 20 to 65 per «ent 
increase of radioactivity above background. 

Radioactive chromium 51 was not responsible for any deleterious eflects 
upon the central nervous system or upon the meninges that could be de- 
termined clinically, or by examination of the count of white blood cells and 
response of protein in the spinal fluid, or by actual gross and histologic 
studies of the meningeal tissues, brain, and spinal cord of the 2 patients who 
died. The half-life of chromium 51 is 26 to 28 days. 

This procedure is being presented as an additional diagnostic measure. 
The experience of other investigators utilizing this procedure should prove 
of distinct value in the accumulation of sufficient data to arrive at definitive 
conclusions. 


SUMMARY 


1. A new method has been described to detect the presence of “active 
bleeding” into the cerebrospinal fluid. 

2. Observations of patients with subarachnoid hemorrhage whose blood 
has been tagged with chromium 51 have been tabulated, graphically demon- 
strated, and discussed. 
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berry aneurysms the accumulation of data concerning clinical ex- 

perience with specific types is important in defining the risks asso- 
cia‘ed with such surgery. These risks are, of course, influenced by considera- 
tions other than those concerning the anatomical location of the aneurysm, 
sucli as time of surgery with respect to previous subarachnoid hemorrhage, 
size of aneurysm, associated intracranial hematoma, age of patient, presence 
of liypertension, existence of multiple aneurysms, state of consciousness of 
patient, relationship to dominant hemisphere, and the general health of the 
patient. As experience with intracranial procedures for handling various 
types of saccular aneurysms grows, many of these factors. occurring as they 
do with approximately equal frequency among the various types of aneu- 
rysms, tend to balance themselves out so that the surgeon gains definite im- 
pressions with regard to the facility with which aneurysms in certain loca- 
tions can be eradicated. We have gained a distinctly favorable impression in 
regard to direct eradication of middle cerebral aneurysms based upon ex- 
perience with 12 of these lesions, which we wish to report upon at the present 
time (Fig. 1). 

It seems particularly important to emphasize this point of view since 
several reports in the literature give a contrary impression. Thus, for ex- 
ample, Dandy? in his monograph Intracranial Arterial Aneurysms stated 
“There is probably less likelihood of curing a middle cerebral aneurysm, at 
least in leaving a useful citizen, than is the case of any other aneurysm in 
the brain.”” Rowe et al.’ in a large experience with the direct attack on 
intracranial aneurysms pointed out that procedures dealing with the middle 
cerebral artery are especially apt to be followed by severe cerebral edema. 
Graf,* in a similar report, had a particularly unfavorable experience with 
middle cerebral lesions. There were 4 deaths among 6 patients with aneu- 
rysms in this location. In 3 of these patients, however, only the hematoma 
was removed and the aneurysm was left untreated. Hamby,‘ too, was not 
enthusiastic about the possibility of successful direct obliteration of these 
lesions. Campbell and Burklund! occluded the neck of the aneurysm in 5 
patients; 1 died, 1 had hemiparesis, 1 had aphasia, and 2 had good results. 


Wis the increasing interest in the direct intracranial eradication of 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
12 Kales Building, Detroit 26, Michigan. 
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Uihlein and Hughes,!° in a report concerning the efficacy of treatment of 
aneurysms by carotid ligation, reported that their highest mortality occuri =d 
in cases of aneurysms of the middle cerebral artery. In their group 4 deai his 
occurred among 9 patients treated. It is possible, however, that their hizh 
mortality represented death from recurrent bleedings because of the ineff:c- 
tiveness of carotid ligation for this particular location of aneurysm. 

On the other hand, favorable experiences with intracranial eradication of 
aneurysms in this location have been reported by at least four groups. Nor.én 


Fic. 1. Pre- and postoperative arteriograms in a patient with typical middle cerebral aneurysm. (‘The 
. . . - I . Bs 
illustrations of arteriograms have all been retouched for the sake of clarity.) 


and Olivecrona® in 1953 mentioned experience with 17 middle cerebral 
aneurysms, 13 of which were occluded intracranially and 4 wrapped with 
muscle only. There was only 1 death in this group, all the other patients hav- 
ing been discharged apparently well. Favorable results also, but in small 
groups of patients with middle cerebral aneurysms, can be found in reports 
of Steelman et al.* and Swain.° The first report dealing specifically with the 
favorable outcome of intracranial eradication of middle cerebral aneurysms 
was made in 1955 by Petit-Dutaillis and Pittman.® Of their 9 patients, 2 
had only the associated hematoma removed, the aneurysm not being eradi- 
cated. Both of these patients expired postoperatively. Of the remainin 

all of whom had the aneurysm eradicated, 5 did well and 2 died postop: 

tively, one as the result of an extradural hematoma and the other presi'm- 
ably as a consequence of an enormous intracerebral hematoma associ: ted 
with the aneurysm. In a review of the literature they found 29 patients * ho 
had been treated by eradication of the aneurysm intracranially which in- 
cluded those cases of the three favorable reports already mentioned. Of t! ese 
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itients 83 per cent had good results, 10 per cent died, and 7 per cent 
disabled. They felt that because of the ease of surgical exposure of the 

ile cerebral artery and in view of the low operative mortality the failure 

ake a direct surgical attack on such aneurysms is not justifiable. 

1 our series of 12 aneurysms arising from the middle cerebral artery 
were 2 deaths postoperatively. All the surviving patients are neuro- 
uly intact except 1 who has a mild aphasia. Pre-operatively she had 


Fic. 2. Middle cerebral aneurysm with 
elevation of middle cerebral vessels by intra- 
cerebral hematoma of temporal lobe. 


been hemiplegic on the right and had been totally aphasic. Both patients who 
died we do believe represent errors, the first an error in selection and the 
second an error in management. The first patient was operated upon in a 
profound coma shortly after her second episode of bleeding. Although the 
aneurysm was easily obliterated and an associated large subdural hematoma 
was evacuated, the patient remained in coma without change for approxi- 
mately 6 weeks before expiring at another hospital. We now consider it in- 
advisable to operate upon any patient with an aneurysm, whether of the 
middle cerebral or other artery, who has not shown a capacity to recover 
from coma. The second patient died postoperatively from a large temporal 
lobe hematoma, the existence of which was not recognized at the time of 
surgery but which in retrospect was identifiable in the arteriogram (Fig. 2). 
We now consider it imperative that a search by needling for hematoma be 
part of the routine procedure in these cases, if a hematoma was not en- 
countered in making the exposure. In this patient also the aneurysm itself 
was eradicated without difficulty. 
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In addition to the gratifying functional result in the 10 patients tre: ted 
successfully, none of them has had any convulsive seizures since leaving the 
hospital. Three of the survivors had aneurysms in the dominant hemisp! ere, 
Only 1 has been left with any speech deficit, and even that is markedly im- 
proved in comparison to its pre-operative severity. 

Two patients represented cases of multiple aneurysms. In 1 patient tiere 
were three middle cerebral aneurysms requiring three separate craniotoinies 


Fic. 3. Anteroposterior view showing 2 aneurysms on right middle cerebral artery in left film. 
Center film taken after first operation shows one aneurysm remaining. Right film shows both aneurysms 
gone after second operation. 


for eradication of all lesions (Figs. 3, 4 and 5). Two of these aneurysms 
occurred on the right middle cerebral and one on the left middle cerebral 
artery. In another patient there was one aneurysm on the right middle cere- 
bral artery and one on the anterior communicating artery complex, both of 
which were eradicated at a single craniotomy. Neither of these patients has 
any neurological deficit at present. 

In 10 of these patients an intracerebral hematoma in the temporal lobe 
was a concomitant feature. In all instances except the one that was not rec- 
ognized, the hematomas were evacuated. 

Aneurysmal eradication has been verified by postoperative angiogr»phy 
in 7 instances and by removal of the pathological specimen in 2 instancvs. 

The time of surgery with respect to the last bleeding was as follows. ‘our 
aneurysms were operated upon within 1 week of the last hemorrhage. ‘I hese 
include the aneurysms in the 2 patients who died. There were 3 opevated 
upon between 1 and 2 weeks, and 3 others between 2 and 4 weeks follc ving 
the last intracranial hemorrhage. One was operated upon 8 weeks afte’ and 
another 6 months after the last bleeding. The latter was the only unrup' «red 
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Fic. 4. Same patient as in Fig. 3. Lateral views. Note filling of middle cerebral 
circulation distal to site of aneurysms following second operation. 


aneurysm in the group and was the third of three aneurysms eradicated in 


the same patient. 


Of these 12 aneurysms only 1 occurred near the origin of the middle 
cerebral, arising from the main trunk of the artery. Nine of the remaining 


lesions arose from the region of the 
first division of the main trunk into 
its cortical branches, and 1 arose 
from the Sylvian group at a point 
distal to that. Many, if not the ma- 
jority of aneurysms arising from the 
middle cerebral artery tend to be lo- 
ated in this region of primary 
branching of the main trunk which is 
distal to its perforating branches. It 
is possible that this location is the 
chief reason for the technical ease of 
eradication and favorable outcome 
for these lesions even though they 
may occur on the dominant side. This 
location is not difficult to reach. In a 
coronal plane it is about half way be- 
tween the midline of the head and 
the calvarium and about one-half to 
one-quarter of an inch posterior and 
superior to the greater wing of the 
sphenoid. Although these aneurysms 


Fic. 5. Unruptured aneurysm of left middle 
cerebral artery eradicated by intracranial clipping 
6 months later. Same patient as in Figs. 3 and 4. 


are about an inch to an inch and a half distal to the origin of the middle 
cerebral artery, they are reached easiest by opening the Sylvian fissure at 


the temporal pole. 


We prefer using complete spinal drainage and an exceptionally large flap 
reaching down to or close to the floor of the middle fossa in order to obtain 
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maximum exposure. Ancillary support from hypotension, hypothermia, and 
a partially sitting position has been used in most instances. With the u e of 
a very large exposure and the head position optimally in hyperextensi: 1 to 
provide a “hanging” effect of the brain, very little traction is required. The 
pterion and the outermost portion of the greater wing of the sphenoi: are 
removed. After opening the dura mater the arachnoid over the Sylvian fissure 
is teased away. Then, when the temporal and frontal lobes are gently s}read 
apart the operator is almost immediately in the vicinity of the aneurysn.. By 
reference to the distance in and above the greater wing of the sphenoic and 
to bends and kinks in arterial branches visualized both in the surgical field 
and in the arteriogram one can at times anticipate the aneurysmal anatomy 
before the lesion is actually reached. In opening the Sylvian fissure it may be 
necessary to coagulate a few small bridging veins. As the lobes are separated 
a search is made for any arterial vessel which is then followed proximally 
towards the aneurysm, with frequent reference to the angiogram. As the 
aneurysmal area is reached associated brain softening or an actual hematoma 
may be encountered which may be removed as dissection progresses to en- 
able tracing of the arterial branch proximally. As soon as the aneurysm is 
recognized efforts are made to identify the parent artery from which it 
originates and to stay away from the dome of the aneurysm where rupture 
may be presumed to have occurred. As soon as the parent artery is identified 
dissection is carried proximal to the base of the aneurysm so that should 
rupture occur during dissection a removable clip, such as the Olivecrona 
clip, may be applied to control bleeding. There is comfort in the knowledge 
that if rupture should occur the bleeding will not be uncontrollable in view 
of the relatively small caliber of the artery involved compared, for example, 
to that of the carotid artery. One or two suction tips of small size can easily 
handle such a hemorrhage to keep the field dry until bleeding points are 
controlled. The control of such bleeding points done as an emergency step 
because of premature rupturing of the aneurysms should be done with re- 
movable clips so that they may be reapplied more efficaciously to preserve 
the remaining supply of the parent artery. When hematomas or necrotic 
brain are encountered their removal provides a liberal exposure. It is wise, 
however, not to do too much dissection until control of the parent artery is 
obtained. The aneurysm at this site often is found to be enveloped in several 
cortical branches, some of which may have to be sacrificed in dissection oi 
the aneurysm so that it may be eradicated with clips. We have never found 
any deficit resulting from such steps. In every case in which postoperative 
angiography was performed the middle cerebral circulation distal ‘o the 
site of the aneurysm continued to fill angiographically. These aneurysms 
are often bulbous rather than elongated and usually require placement o! 
one or more clips to obliterate them since they may be supplied by acces- 
sory vessels in addition to the parent artery. This accessory supp!” may 
actually represent retrograde flow from an efferent branching vesse! frow 
the aneurysm. 
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Fic. 6. Large left middle cerebral aneurysm which was removed in toto. 
Patient has mild aphasia but is otherwise intact. 


in only one instance in these 12 cases was it necessary to obliterate the 
main trunk of the middle cerebral artery. In this case a very large aneurysm 
about the size of a walnut was present in the course of the middle cerebral 
artery (Fig. 6). It was fed afferently and drained efferently by the main 
trunk, and the aneurysm could be handled only by clipping the afferent and 
efferent branches and removing the aneurysm in toto (Fig. 7). This was in 
the patient who still shows a mild aphasic defect. 

In another patient the aneurysm originated from one of the Sylvian 
group of vessels far distal to the primary division of the main trunk into 
cortical branches at a level about even with the postcentral gyrus and on the 
dominant side (Fig. 8). It was possible by careful opening of the fissure and 
by constant reference to angiographic detail to reach the aneurysm and 
clip it without destruction of cortical tissue. This patient had a complete 
uneventful recovery of all function, including speech which had been lost 
pre-operatively. 

Good angiographic detail is important in planning and executing the 
surgical attack. Not only does it enable progress in surgical dissection to be 
made with greater facility by constant reference to the angiogram, but also 
without such excellence of angiographic detail errors in localization are pos- 
sible. If an aneurysm is visualized in the anterior circle of Willis in the lateral 
projection, unless the complete homolateral angiogram is visualized in either 
an anteroposterior projection or in an oblique projection the aneurysm may 
be falsely localized. It may be impossible in the lateral projection to know 
whether such an aneurysmal shadow originated from the anterior cerebral 
artery complex or from the middle cerebral artery complex. In an antero- 
posterior projection, overlapping shadows of the anterior cerebral artery in 
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Fic. 7. Photomicrograph of aneurysm demonstrated in Fig. 6. 


Fic. 8. Pre- and postoperative angiograms in a patient with aneurysm arising 
from distal portion of left middle cerebral artery, 
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the midline as it begins to reverse its direction posteriorly may suggest 
an irysm of the anterior cerebral artery. Because of bony shadows of the 
pet ous ridge, frontal sinus or superior orbital margin, details of the distal 
po: ion of the middle cerebral artery may be lost if the angiographic detail 
is »t clear. In such an instance one might then falsely accept the aneurysm 
to e located on the anterior cerebral artery. If the entire middle cerebral 
cor plex cannot be clearly visualized in an oblique view or because of such 
ove lapping bony shadows, the portion of the middle cerebral artery with 
wh ‘h we are concerned can often be clearly presented in the clear area 
of t 1e orbit by a straight anteroposterior view. Minor adjustments in flexion, 
ext.nsion or rotation of the head can easily be made to allow this portion 
of tae middle cerebral artery to fall into the clear area of the orbit. In addi- 
tio: there is often a clinical clue that suggests an aneurysm of the middle 
cercbral artery. This consists of the presence of facial weakness on the con- 
tralateral side without evidence of any full hemiplegia or 3rd nerve palsy. 
This was a common finding in several of these patients. 

Chis paper deals primarily with aneurysms arising from the distal portion 
of the middle cerebral artery. It is this group we wish to stress as being 
especially amenable to intracranial clipping. Fortunately this group prob- 
ably represents the most common site of origin for middle cerebral aneu- 
rysms. Although a good result was obtained in a single instance of an aneu- 
rysm arising from the proximal portion of the main trunk of the middle 
cerebral artery, this is insufficient experience to draw any conclusions with 
regard to such lesions in general. Such lesions also are probably too medial 
to be reached easily by opening the fissure and may possibly best be reached 
via a subfrontal approach by following the internal carotid artery out to the 
bifurcation into the middle and anterior cerebral arteries. 


SUMMARY 


This paper has been presented to reinforce the opinion of Petit-Dutaillis 
and Pittman that aneurysms of the middle cerebral artery are in general 
favorable surgical lesions. It is based upon experience with 12 craniotomies 
for 12 middle cerebral aneurysms occurring in 10 patients. There were 2 
deaths, one of which represented an error in selection and the second an 
error in management. The survivors are neurologically intact except 1 pa- 
tient with a mild aphasia. In 2 patients multiple aneurysms were present, 
one requiring three craniotomies for three separate middle cerebral aneurysms 
and the second, one craniotomy for a middle cerebral aneurysm and an 
anterior communicating aneurysm. In both of these patients all aneurysms 
were eradicated, and they are neurologically intact. 


ADDENDUM 


Since this paper was submitted we have operated on 4 other patients, 
eradicating distal middle cerebral aneurysm in each, with 1 death and 3 in- 
tact patients resulting. This brings our total to 16 middle cerebral aneurysms 
in 14 natients with 3 deaths. 
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DISCUSSION 


Dr. Leo M. Davivorr: Before I call on the discussers, I would like to congratulate Dr. 
Gass on the excellent results he obtained in this series of cases. 


Dr. Rosert C. Bassett: The authors rightly emphasize the ready accessibility of these 
lesions for surgical exclusion from the cerebral circulation without sacrifice of the major blood 
supply to the hemisphere. This report, together with that of Petit-Dutaillis, demonstrates the 
plausibility of successful treatment of these lesions with minimal morbidity and mortality. 

Dr. Harvey Cushing, participating in a symposium with Symonds in Guy’s Hospital in 
London in 1922, stated that in his opinion the intracranial aneurysms in all likelihood would 
probably remain therapeutically insurmountable. Not long after, the surgically aggressive 
pioneer, Walter Dandy, showed the way for dealing with these formidable lesions. 

Even he, as the authors point out, felt the cure of a middle cerebral aneurysm was im- 
possible without irreversible damage to the involved hemisphere. This opinion was universally 
accepted because it was believed by all that exclusion of these lesions from the circulation 
could be brought about only by ligation of the middle cerebral artery. This belief has per- 
sisted until recent years. In our own experience with a few of these lesions, three were for- 
tuitously surgically excluded without sacrifice to the circulation. In a fourth patient, with an 
associated intracerebral and subdural hemorrhage, which was evacuated, the internal carotid 
was ligated in the neck, and the patient has survived 14 years with no neurologic residuals, 
the aneurysm having been left untouched. 

Ligation of any of the major blood vessels to the brain is a physiologic trespass performed 
by the surgeon with “tongue in cheek,” the ultimate outcome being wholly dependent upon 
the patient’s capacity for adequate collateral circulation and his status with reference to what 
damage may have been done by the bleeding aneurysm. Unfortunately the mortality rate 
with initial aneurysmal hemorrhage approximates 50 per cent. Therefore, it is expedien’ that 
vigorous treatment be instituted in those patients reaching the neurological surgeon in suff- 
cient intracerebral “‘good health” to warrant treatment. I disagree with the authors wher they 
state that patients failing to show response from coma are probably fated. Persisting c: ma is 
usually caused by massive space-taking intracerebral or subdural hemorrhage inducin: pon- 
tine and brain-stem compression; however, this effect is not necessarily irreversible. 

I must chide the authors for their enthusiasm causing them to overlook the t pical 
temporal lobe pathology present in the arteriogram in one of their fatal cases. I am sur that 
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it mi ‘t not have been overlooked, but forgotten “in the heat of the chase” for the offending 
lesio’ . With respect to this case I must say that it is unusual for an intracerebral hemorrhage 
of th magnitude to remain hidden in the approach to the lesion, since the “blowout”’ usually 
has ¢ lirect communication with the large space created by the clot, which evacuates itself 
rathe forcibly when the vessel is dissected from the Sylvian arachnoid tunnel. This presenta- 
tion a significant progress report in the treatment of intracranial aneurysms. 


L .. E. Harry Borterett: I should like to tell the essayists again how much I have 
enjo) d their papers, and particularly to add just a few remarks about aneurysms of the 
midd » cerebral artery. On our service, there have been 6 patients operated upon within 
48 hc rs following the initial or recurrent hemorrhage from an aneurysm of the middle cere- 
bral : ‘tery who were deteriorating from an intracerebral clot, just as they deteriorate from 
an ex radural hematoma. These patients were operated upon, much as has been described; 
the ct was evacuated and the aneurysm was isolated from the cerebral artery. One death 
occur. ed among these 6 patients. 

QO. r over-all mortality of middle cerebral aneurysms is much the same as the essayists’. 
I wis}. to say the majority of our patients have been operated upon within the first week. We 
have not a large enough series of internal carotid aneurysms to give you a long-term follow up. 

Again, it is difficult to compare figures in series of aneurysms. It depends when one oper- 
ates upon them. 

Uniortunately, as some of you here will know after great discussion, nobody has been able 
to find a control series of aneurysms verified angiographically on which one may base an ac- 
curate assessment of actual history of a ruptured aneurysm that showed up in the angiogram 
when the patient first came into the hospital. 


Dr. Watiace B. Hampy: Since time is a little short, I dislike to extend this discussion 
unnecessarily. The authors have described approach to middle cerebral artery aneurysms by 
splitting the Sylvian fissure. When this is done from above (laterally) inward, the temporal 
and frontal lobes separate like an opened book, permitting excellent access to the vessels 
supplying the insula and medial surface of the temporal lobe. I have used this approach also 
for aneurysms on the proximal portion and the bifurcation of the internal carotid, since this 
approach permits easier access to lesions in this area. 

The discrepancy between figures presented by different clinics probably is based to a 
great extent on the time relationship between hemorrhage and surgery. This and many other 
details concerning intracranial vascular surgery require the collection of data acquired from 
equivalent protocols. 

A project is under way at present under the auspices of the National Institute of Health 
to accumulate such data from a group of patients with subarachnoid hemorrhage of aneurys- 
mal origin treated both medically and surgically. Dr. Adolph Sahs of Iowa City is in charge of 
this. He would be glad to hear from anyone who would like to participate in the collection of 
this material for statistical analysis. 





Obituary 


GILBERT HORRAX 
1887-1957 


Gilbert Horrax died of cancer in his seventieth year on September 28, 19: 

He is survived by his wife, Helen P., three children, all married, one of wh: m isa 
doctor, and five grandchildren. 

He was born in Glen Ridge, New Jersey. His father, an English mercha: t who 
had married Olive Gilbert, who came from Connecticut, moved with her 0 the 
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Unii d States in 1885. Gil’s younger years were spent in Montclair, New Jersey 
fron which locality he entered Williams College in 1905, graduating as a member of 
the « ass of 1909. As a presage of his later accomplishments one needs only to study 
his « reer in college. 

iring his four college years his class book lists, among other honors and accom- 
plish ents, the following:—He was elected to fill the position of Class Day Presi- 
dent the highest honor bestowed by the class in any election. He had deservedly 
rece’ ed a nearly unanimous vote as the member of the class who had done most for 
Will: ms. His athletic ability—he had been voted the best athlete in nineteen nine 
and | is attractive personality marked him as the most popular member of the class. 
His ork covered many fields, and his conscientious acceptance of all duties dis- 
tingv shed his work. Track had been his forte, and for four years he was the leading 
track athlete at Williams, captaining the team for the last two years. He holds the 
Willi..ms high jump record at 5 feet 112 inches. He was elected President of his class 
in his junior year and remained in that office until his death. 

Following his graduation from Williams he obtained his medical training at 
Johns Hopkins Medical School, graduating in 1913, and then coming to Boston, 
Mass:chusetts for his internship and an assistant residency at the Peter Bent 
Brighum Hospital. Immediately thereafter he became a resident surgeon at the 
Massachusetts General Hospital, where he remained until 1917. 

In 1917 he went overseas to France with the then U.S. Army Fifth Base Hospi- 
tal. It was at about this time that he began his long, intimate and difficult associa- 
tion with the late Harvey Cushing. He returned in 1919 to serve as Dr. Cushing’s 
right-hand man, safety valve and self-sacrificing fellow-laborer for 13 years and until 
Cushing’s retirement from the Brigham Hospital and neurosurgery in 1932. 

It was during this period that in return for his self-sacrifice, Gil acquired the 
diagnostic and technical skills, the patience, self-control, kindliness and considera- 
tion that made all patients his friends, all fellow-workers his admirers and all friends 
his devotees. This was also the time when the infant neurosurgery was first begin- 
ning to walk and though strong was self-willed and badly in need of such guiding 
hands as his. Here his general surgical training stood him and his new specialty in 
good stead so that enthusiasm run wild was curbed by his wholesome consideration 
of the patient’s rather than the specialist’s problem. 

With Cushing’s retirement and the reversion of the neurosurgical to a general 
surgical clinic at the Brigham Hospital Gil was, for the moment, at loose ends. 
Fortunately for neurosurgery however, the Lahey Clinic, then in its earlier organiza- 
tional days, was in a position to adopt this new specialty. Aided by Dr. Cushing’s 
suggestion and encouragement Dr. Lahey, although somewhat reluctantly, made Gil 
amember of his burgeoning organization and entrusted to him the task of adding 
neurosurgery to the already flourishing general surgical clinic. It is unnecessary to 
point out again to what heights this child of Horrax and Lahey has risen. 

For many years prior to his death Gils’ abilities and talents had received well 
deserved international recognition. No one has ever surpassed him in his mastery of 
the meticulous, time-consuming and brilliant surgical technique essential to first- 
grade neurological surgery. Training in his clinic has been the mecca for all aspiring 
neurosurgeons of whatever nation, and selection by him for membership in his de- 
partment was considered an honor beyond all others. 

When he spoke or published a paper his pronouncements could be and were 
accepted at their face value, and exemplified by their contents not only his extraor- 
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dinary intellectual honesty but even more his innate and unblemished modest 
There were those, to be sure, who disagreed with his conclusions but no one ey : 
even thought of disputing his facts. 

He was a member of many societies including the Society of Neurological Si 
geons (President 1937-38), American Neurological Association (Vice-Preside 
1940-41), American Surgical Association, The New England Surgical Society, T 
Southern Surgical Association and the Harvey Cushing Society. He was a diplom: | 
of the U. S. Boards of Neurosurgery and Surgery, having served as a member of t 
former from 1942-1948. Abroad he was a member of the Société de Neurologie le 
Paris, the Société Clovis Vincent and the Royal Society of Medicine of England. | Ie 
was also an honorary member of the Philadelphia Neurosurgical Society and the 
Venezuelan and Chilean Neurosurgical Societies. He had been awarded honorary 
degrees from Williams—an Se.D. in 1936—and by Temple University—an LL.D. 
in 1955. 

His favorite avocations were trout fishing, curling and golf. Each year saw him 
take enough time off to indulge, usually with his wife, in these pastimes. 

A model gentleman, a great clinician, a beloved teacher and a master surgeon 
he will be long remembered and sorely missed. 

DonaLp Munro, M.D. 
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NOTICES 
AMERICAN ACADEMY OF NEUROLOGICAL SURGERY 


At its 19th annual meeting at The Cloister, Sea Island, Georgia, the American 
Academy of Neurological Surgery elected the following officers: President, Dr. 
J‘ss D. Herrmann; President-Elect, Dr. Edwin B. Boldrey; Vice-President, Dr. 
Simuel R. Snodgrass; Secretary-Treasurer, Dr. Robert L. McLaurin; Historian, 
I r. Howard A. Brown. 

The Annual American Academy of Neurological Surgery Award was won by Dr. 
Beron C, Pevehouse of San Francisco, California, whose paper entitled “‘Observa- 
ti nson Methods of Induced Hypotension and Hypothermia in the Rhesus Monkey” 
w.s given at the meeting by Dr. Pevehouse. 

The 20th annual meeting will be at the Royal York Hotel and at the Toronto 
General Hospital, Toronto, Ontario, on November 6-7, 1958. 


CHARLES A. ELSBERG LECTURE 


Dr. Robert Pomerat will deliver the annual Elsberg Lecture on March 18, 1958 
at the New York Academy of Medicine, 2 East 103rd St., New York City, at 8:30 
p.M. His subject will be ““Recent Advances in the Study of Living Nervous Tissues.” 


CONGRESS OF NEUROLOGICAL SURGEONS 
The Congress of Neurological Surgeons held its 7th annual meeting at the Statler 
Hotel in Washington, D. C., November 7-9, 1957. A postgraduate program was 
held at the Armed Forces Institute of Pathology and the National Institute of 
Health on November 6. Dr. Francis C. Grant was the honored guest speaker. 


The following officers were elected: President, Dr. Raymond Kk. Thompson, 
Baltimore, Maryland; Vice-President, Dr. Philip D. Gordy, Wilmington, Delaware; 
Secretary-Treasurer, Dr. Richard L. DeSaussure, Memphis, Tennessee; Executive 
Committee Members, Doctors Edward C. Weiford, Kansas City, John R. Russell, 
Indianapolis, Indiana, and Robert Weyand, Oakland, California. 

The 8th annual meeting will be held Oct. 30—-Nov. 1, 1958 at the Saint Francis 
Hotel in San Francisco, California. 


ITALIAN SOCIETY OF NEUROSURGERY 
The Italian Society of Neurosurgery (Societa Italiana di Neuro Chirurgia) will 
hold its [IX Congress in Florence on April 24-25, 1958. Two subjects will be dis- 
cussed: (1) Cerebral abscesses and suppurative encephalitis. (2) Herniations of 
cervical intervertebral discs and cervical spondylosis. 
Further information may be obtained from the Secretary, Dr. Giulio Morello, 
Via Celoria n. 11, Milan, Italy. 


NEUROSURGICAL SOCIETY OF AMERICA 
The 11th annual meeting of the Neurosurgical Society of America was held at 
Key Biscayne, Florida, January 15-18, 1958. The following officers were elected: 
President, Dr. Charles L. Neill; Vice-Presidents, Dr. Christian Keedy, Dr. Ray- 
mond K. Thompson; Secretary, Dr. Frank P. Smith; Treasurer, Dr. Bertram Selver- 
stone. 
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The next meeting of the Society will be held at the Homestead, Hot Spring , 
Virginia, March 4-7, 1959, and it is intended for the members and invited guests. 


TRAINING FELLOWSHIP 


The New York University-Bellevue Medical Center is offering a Three-Mont! s 
Training Fellowship with stipend in neuroanatomy and neurophysiology, beginni:.g 
September 1958. 

For information apply to: Dr. Louis Hausman, Department of Anatomy, New 
York University-Bellevue Medical Center, 550 First Avenue, New York 16, New 
York. 


MEETINGS 


AMERICAN ACADEMY OF NEUROLOGICAL SuRGERY, Royal York Hotel, Toronto, Canada, November 6-8, 
1958. Dr. Eben Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C., Secretary. 

American NEUROLOGICAL AssoctATIoN, Claridge Hotel, Atlantic City, N. J., June 16-18, 1958. Dr. 
Charles Rupp, 133 South 36th St., Philadelphia 4, Pa., Secretary. 
ConGREss OF NEUROLOGICAL SuRGEONS, St. Francis Hotel, San Francisco, Calif., Oct. 30—-Nov. 1, 1958. 
Dr. Richard DeSaussure, Jr., 525 Physicians & Surgeons Bldg., Memphis 3, Tenn., Secretary. 
Harvey Cusnine Society, Mayflower Hotel, Washington, D. C., April 21-23, 1958. Dr. David L. 
Reeves, 316 West Junipero St., Santa Barbara, Calif., Secretary. 

Trautan Society or NeurosurGEry, Florence, Italy, April 24-25, 1958. Dr. Giulio Morello, Via Celoria 
n. 11, Milan, Italy, Secretary. 

NEUROSURGICAL Society OF AMERICA, The Homestead, Hot Springs, Va., March 4~7, 1959. Dr. Frank P. 
Smith, 260 Crittenden Blvd., Rochester 20, N. Y., Secretary. 

New York Society or Neurosurgery, New York Academy of Medicine Bldg., New York City, 
March 18, 1958. Dr. Henry Wigderson, 162-05 89th Ave., Jamaica 32, N. Y., Secretary. 

SCANDINAVIAN NevurosureicaL Society, Copenhagen, Denmark, August 29-30, 1958. Dr. Bendt 
Broager, Neurokirurgisk afd., Bispebjerg Hospital, Copenhagen NV, Denmark, Secretary. 

Socrety or British NevurRoLoGiIcAL SurGEONS, Wassenaar and Utrecht, Holland, May 8-10, 1958. 
Mr. D. W. C. Northfield, London Hospital, London E.1, England, Secretary. 

Socrety or NEUROLOGICAL SurGEONS, Durham, N. C., April 18-19, 1958. Dr. Bronson S. Ray, 525 East 
68th St., New York 21, N. Y., Secretary. 
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SYMPOSIUM ON STEREOTACTIC SURGERY* 


Dr. Davipvorr: It seems appropriate this year, which is the one hundredth anniversary 
of the birth of Sir Victor Horsley, that we should have a symposium on stereotactic surgery. 
VW» have the privilege of having Dr. Ernest Sachs with us, who was a pupil of Victor Horsley 
ai) | was present at some of his early experiments with Horsley’s first apparatus. 

In addition, we have Dr. Percival Bailey, a pioneer in this field, to be the Chairman of the 
sy nposium. I shall, therefore, turn the meeting over to Dr. Bailey. 


Dr. Baitey: We are indeed fortunate this morning to be able to follow the entire develop- 
mcnt of this subject from its beginning to the present day. 

This matter of the method of making lesions in the deeper sections of the brain is quite 
an old one. It was first done, so far as we know, in 1895 in Russia by a man named Golsinger, 
who wrote a paper about it which attracted the attention of the French physiologists and 
they began to attempt to make the same sort of lesions with bipolar electrodes. They were 
interested also in the method of getting at these deeper nuclei; but they attempted to do it, 
of course, freehand. It wasn’t until the problem was taken up by Clarke, who built the instru- 
ment which Sir Victor Horsley always referred to as “‘Clarke’s stereotaxic instrument,” that 
the matter was attacked in a scientific manner. 

A great lag occurred before it was applied to the human being by Spiegel and Wycis and 
since then there has been a great increase in these instruments all over the world. It was the 
hope, of course, of everybody that one could use external landmarks with which to guide the 
needle that was going to make the destructions. I must admit that I should have known 
better, but I did not believe Spiegel and Wycis when they said it was impossible to do this. 
It took about five years to convince me that it really was impossible to direct the instrument 
by means of external landmarks. One can make an approximation but one can’t do better 
than that. I think the discussion today will convince everyone that this is so. 

We have finally come down to trying to find physiological methods of checking the point 
of the needle. Others have come to the same conclusion. They have been trying in Germany 
to work out physiological methods of testing the location of the point of the electrolytic 
needle in the human brain and we have begun working on cats and monkeys in our laboratory. 
One paper will be published very soon detailing a method that we have devised for determin- 
ing whether the end of the needle is in the ansa lenticularis. Of course, that is one region every- 
body would like to know how to check because it seems to be one of the most promising 
fields for destructive lesions, as you will hear. Without some physiological method of checking 
where the needle is we have come to the conclusion, after extensive investigation, that you 
cannot get an accurate placement of the needle from anatomical landmarks, either external 
or internal, in the brain. So that physiological methods of checking, I think, will occupy 
more and more of our attention in the future. It is for that reason that I am very happy to 
see Dr. Delgado on this symposium this morning. 

We shall begin very properly at the beginning, and we are very fortunate to have Dr. 
Sachs with us this morning. He will tell us about the very early attempts to solve some of 
these problems that we are interested in. 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 





VICTOR HORSLEY* 


ERNEST SACHS, M.D. 
Yale University School of Medicine, New Haven, Connecticut 


(Received for publication May 29, 1957) 


1ctoR Horstey, whose birth we are celebrating this year, was born 

on April 14, 1857. His father was a well known painter, and his uncle, 

Seymour Haden, was a physician and famous etcher, so it was natural 
that Horsley, with this artistic and scientific background, should show these 
tendencies at quite an early age. While studying medicine at University 
College, his teachers realized almost immediately that he was a gifted stu- 
dent with promise of a brilliant future, and his honesty, integrity and in- 
dustry were outstanding. In the years following his graduation, he won a 
number of prizes in anatomy and surgery, and even then showed his interest 
in experimentation for which he was noted all through his life, even to the 
point of carrying out experiments in anaesthesia on himself. 

From the very beginning of his career, his particular interest lay in prob- 
lems of the nervous system, and his first paper, which was on the motor 
centres in the brain as observed in cases of injury, was published five years 
after he had received his medical degree, when he was only twenty-six. Six 
years later, in 1884, he was made head of the Brown Institution, a centre 
established by the University of London for physiological and pathological 
research. While there he became very deeply interested in research and 
published his important work on the relation of the thyroid gland to myx- 
oedema. During these years, also, he did his work on localization of function 
in the brain, the pathology of epilepsy and the protective treatment of 
rabies. As a result of this last-named work, rabies was eradicated in the 
British Isles by muzzling and quarantining all dogs that came to England 
for a period of six months. 

Horsley’s studies on the thyroid were carried on for a number of years 
and by demonstrating on monkeys that removal of the thyroid gland pro- 
duced myxoedema, he was able to cure some patients with this disease by 
implanting thyroid tissue. As a result of his work on the thyroid, on rabies 
and his important physiological studies of the nervous system, he was made 
a Fellow of the Royal Society less than ten years after graduation. 

In 1884, with Professor Schifer, Victor Horsley began a series of re- 
searches upon the brains of monkeys with the idea of testing and extending 
the work of Sir David Ferrier and Yeo on cerebral localization. These studies 
led to the more detailed researches on the brain of the orangoutang by 
Horsley and Beevor, who mapped out the motor centres on the cortex, and 
with Sir Felix Semon, identified the centres that control the larynx. 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, Apri! 26, 1957. 
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Throughout these experiments they used faradic stimulation. While this 
work was going on, Horsley and his brother-in-law, Professor Gotch, re- 
ported in the Croonian Lecture their extensive studies “On the Mammalian 
}ervous System, its Functions, and their Localisation Determined by an 
l'lectric Method.” 

By 1890 Horsley’s reputation had become international as shown by the 
great ovation he received at the International Medical Congress in Berlin 
v here he demonstrated his work on cerebral localization. He also did a great 
deal of experimental work on the tracts of the spinal cord. In his experi- 
nental work he had numerous collaborators, among them Risien Russell, 
Colin K. Russel, Gordon Holmes, Page May, Arthur MacNalty, Otto May, 
and his old friend, Charles Beevor. 

In his later years, Horsley became particularly interested in the cerebel- 
lum, and with R. H. Clarke, who had invented the stereotaxic instru- 
ment, carried on an extended investigation of the cerebellum, its cortex and 
its nuclei. With this instrument of Clarke’s it was possible to stimulate a 
discrete area of the brain and then make an electrolytic lesion which would 
show exactly where the stimulation had been produced. Never before had 
such a method been used in experimental physiology. 

Though some of their conclusions about the cerebellar cortex were er- 
roneous, such as its inexcitability which has since been disproved, they broke 
the ground for further investigation into the actual facts, which is the hope 
of every true scientist. Many of the observations in this research were in- 
corporated in a paper published with Arthur MacNalty entitled “On the 
Cervical Spino-bulbar Cerebellar Tracts, and on the Question of Topo- 
graphical Representation in the Cerebellum.” 

Despite the fact that Horsley had a very heavy schedule, for he had a 
large consultation practice, he very rarely allowed anything to interfere with 
his laboratory work at University College, where he spent some time prac- 
tically every afternoon. Almost the only thing that could keep him away 
was an opportunity to speak at a temperance meeting. He was a violent 
teetotaler and was opposed to the use of both alcohol and tobacco. He gave 
lectures on the poisonous effects of aleohol and with Dr. Mary Sturge wrote 
a well documented book on this subject. I heard one of these lectures, which 
was delivered before a large audience at Queen’s Hall, and I must confess it 
was a most admirable presentation. 

Another of Horsley’s activities was waging a constant campaign against 
the antivivisectionists. While I was with him in London, a Parliamentary 
Commission was reviewing its laws on vivisection, and Horsley, as the lead- 
ing vivisectionist of his day, was an important witness. At one of the sessions 
of this Commission a disgruntled laboratory assistant had testified that he 
had seen Horsley pull off the heads of living cats. Of course every- 
one knew this was impossible but that did not satisfy Sir Victor, who never 
made a statement he could not back up with experimental proof. Following 
this, he came into the laboratory in a high state of excitement, sent for a 
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cat, killed it, took hold of one end of the cat and told the laboratory boy and 
me to take hold of the other end and pull for all we were worth. Obediently 
we had a great tug of war but the cat’s head would not come off. With this 
evidence he went before the Commission and was able to refute this ridicu- 
lous charge with incontrovertible, experimental proof. 

Comparative anatomy fascinated him, and he would never lose an op 
portunity to obtain the brains of various wild animals. One day a hug: 
barrel arrived from India containing an elephant’s head in rock salt. A 
former student of. his had shot the elephant, decapitated it and injected ii 
with formaldehyde which he had taken on the hunt for this purpose. A‘ 
the same time a letter arrived with photographs of the natives standing 
around openmouthed while this process was going on. Sir Victor was im- 
mensely amused by these pictures and stopped everything to take out the 
brain. At another time, when a walrus died at the London Zoo, he cancelled 
all his consultations that morning to remove the brain. When I remarked 
about the inconvenience to the patients in keeping them waiting, he replied: 
“If people want me to learn, they must be willing to wait.” 

These specimens he usually photographed in his home at 25 Cavendish 
Square, where he had a laboratory equipped with a fine Zeiss microphoto- 
graphic apparatus. He had collected a large number of specimens which he 
hoped to study at some time when he had leisure. Unfortunately, however, 
that time never came but I should like very much to know what became of 
that valuable collection. 

After Horsley gave up his position at the Brown Institution in 1890 to 
become Professor of Pathology at University College, he carried on research 
on subjects other than those pertaining to the nervous system. Experimenta! 
pathology had not received much attention prior to this time, but he devel- 
oped it greatly and thus did much to broaden the whole field of pathology. 
Yet even while carrying on research constantly, his principal activity was 
surgery. As a result of his experimental work on the nervous system, how- 
ever, the National Hospital for the first time in its history appointed a sur- 
geon, Victor Horsley, as a member to its staff. This gave him the great 
opportunity to apply his physiological studies to the diagnosis of brain and 
spinal tumors, and to develop his operative technique in the treatment of 
these conditions. 

The remarkable thing is that he obtained excellent results in spite of the 
fact that he lacked the many aids for this work that we have today. There 
was no blood transfusion, no electrocoagulation, no ventriculography, no 
angiography, no ventricular puncture and no antibiotic. Yet in spite of these 
lacks, he removed successfully innumerable brain and spinal tumors. The 
problem of hemorrhage during operation, which today is controlled by 
electrocoagulation, blood transfusion and Gelfoam, he handled by doing 
most of his craniotomies in two stages. At the first stage he turned the bone 
flap, then waited a week before he undertook the second stage. He was | hie 
first to make use of bits of muscle to control bleeding points on the brair. 
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The courage and resourcefulness of Victor Horsley led him to undertake 
eitirely new surgical procedures. He was the first to attempt to operate on 
pituitary tumors, and though his approach was much more difficult than 
tle one we use today, he operated successfully upon a few patients and thus 
led the way for development of better methods of attack. 

His diagnosis and removal of the first spinal tumor was epoch-making, 
for he described in his paper with Gowers practically all of the problems of 
spinal surgery. Little has been added to the treatment of such disorders to 
this day. 

Horsley had always said that he planned to stop operating at sixty, but 
long before that he closed his laboratory and devoted his efforts to sociolog- 
ical and political work. He took an active part in the work of the Medical 
Defense Union and devoted a great deal of time to making this a bulwark of 
defense for doctors who were being sued for so-called malpractice. He strove 
constantly to help physicians, and was very active in the British Medical 
Asssociation and high in its councils. Because he was convinced that the 
National Insurance Act would help the general practitioner, he was adviser 
to Lloyd George in formulating the Act. Unfortunately, however, his mo- 
tives were misunderstood, and he was violently attacked by members of 
his own profession, which hurt him deeply. These attacks became so violent 
that he lost much of his consulting practice. 

When World War I broke out, he asked immediately to be sent to the 
front where he might take care of cerebral cases, but not until 1915 was 
this request granted. He then was sent as a Major with the 21st General 
Hospital to Alexandria, and while there visited the front line in Gallipoli, 
inspected field ambulances, casualty-clearing stations and dressing posts, 
all of which he reported upon. 

While in Egypt he heard of the wretched medical conditions in Meso- 
potania and volunteered to go there to help, arriving on April 16, 1916. He 
found conditions much worse than he had imagined. Even the simplest 
sanitary precautions were nonexistent, but he worked indefatigably to im- 
prove what could be improved and as soon as possible began to operate on 
head injuries. His colleagues begged him to spare himself and especially to 
protect himself from the sun by making use of the precautions prescribed by 
the Army. He contended that no one could get a heat stroke who did not 
imbibe alcohol, so as he felt well he drove himself unremittingly and did not 
protect himself adequately when the temperature was 110 degrees in the 
shade. After a particularly strenuous day, he became ill on July 15th, and died 
of a heat stroke the following day at the age of sixty. 

His death, which could have been prevented, was a great loss to neuro- 
surgery for he still might have contributed much to his chosen field, but he 
will always be remembered as a courageous pioneer with an indomitable 
spirit and a very far-seeing imagination. 

But Victor Horsley was more than a great surgeon and great pioneer. 
He was a great human being whose creed was the Brotherhood of Man and 
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the ultimate triumph of good. He believed that social and political reform, 
were fully as important as scientific advances and fought for them with al 
his strength, uncompromisingly, antagonizing men of smaller stature, an: 
yet all who knew him well knew his deep kindliness and human sympathy, 
respecting him as one who never deviated from a principle. 


DISCUSSION 


Dr. Batter: I perceive Detroit is the proper place for the neurosurgeons to foregathe,. 
They seem to be rolling off the assembly lines like automobiles. 

You perceive also how fortunate we are to have Dr. Sachs with us to deliver the Victor 
Horsley lecture. It is too bad that Dr. Sachs couldn’t take more time to tell us more stories 
about Sir Victor Horsley. I suggest that some of you corner him at lunch and get him to tell 
you about the time Horsley sent him to take the spinal cord out of a whale. 


Dr. Sacus: Excuse me, walrus. 


Dr. Battery: Walrus? I think you missed a good opportunity to follow Mark Twain who 
said, you know, that one should not spoil a good story by telling the exact truth. As far as I 
am concerned, it was a whale. [Laughter] 

Well, we shall proceed now with the regular series of presentations on this subject which 
has been so adequately introduced to us. The first speaker will be Dr. Wycis, who, as you 
know, began, together with Dr. Spiegel, these applications which Clarke always looked for- 
ward to confidently. 

[Dr. Wycis presented a paper on ‘‘Pallidotomy and pallido-amygdalotomy in certain types 
of convulsive disorders,’ by Drs. H. T. Wycis, H. W. Baird and E. A. Spiegel.] 


Dr. Batter: The next speaker will be Dr. Irving S. Cooper who will talk about chemo- 
pallidectomy. 


CHEMOPALLIDECTOMY AND CHEMOTHALAMECTOMY* 
IRVING S. COOPER, M.D., ann GONZALO BRAVO, M.D. 


Department of Neurosurgery, St. Barnabas Hospital, and Division of Neuromuscular 
Disease of the New York University Post Graduate Medical School, New York, New York 


(Received for publication May 7, 1957) 


of which is to produce a lesion deep in the brain for the alleviation of 

hyperkinetic disorders there are six principal criteria by which a partic- 
ular technique should be judged. These criteria are: (1) Accuracy of localiza- 
tion of the lesion. (2) Standardization of the technique so that with simple 
landmarks it is reproducible by many individual surgeons. (3) The ability 
of the technique to produce a lesion of sufficient size to alleviate the symptoms 
without necessarily inflicting undesirable sequelae. (4) Safety, so that ‘he 
patient may undertake this particular type of therapy with a low risk of 
mortality or other complications. (5) Ability to inflict the destructive lesion 


I THE development and evaluation of a neurosurgical technique the aim 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
This investigation has been assisted by grants from the Sister Kenny Foundation and Josep «ine 
and A. P. Green Foundation. 
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gradually and in a controlled fashion, thereby enabling the surgeon to vary 
tue size and degree of neural destruction in individual cases. (6) The ability 
cf the technique to produce good results consistently in a large series of cases. 

Chemopallidectomy, as presently performed on our service at St. 
Varnabas Hospital, fulfills each of the criteria enumerated above. It is the 
purpose of this report to describe the present technique of chemopallidec- 
tomy and to note its results not only in cases of tremor and rigidity of 
pirkinsonism, but also in cases of disorders of involuntary movement in 
children such as dystonia musculorum deformans, choreo-athetosis, and 
hemiballismus. 

In brief, we presently perform chemopallidectomy* via a convexity ap- 
proach by the following steps: 


1. A pneumoencephalogram, using 30 cc. of air, is performed prior to operation. 
By means reported previously in detail,’ a line (line C) is then drawn on the scalp 
which represents a plane 5 mm. behind the foramen of Monro. This line remains 
visible throughout the operation and serves as one of the two important external 
landmarks for orientation during the operation. 

2. The patient is taken to the operating room and placed supine on the operating 
table. The procedure is performed under light Pentothal Sodium amnesia supple- 
mented by local anesthesia at the site of operation. 

3. A trephine opening is placed 53 cm. from the midline directly on line C, which 
represents the desired plane for insertion of cannula 5 mm. behind the foramen of 
Monro. 

4. The chemopallidectomy guidef is placed on the scalp and fixed by fixation of 
the scalp so that the cannula holder is poised above the trephine opening on line C, 
thus insuring the fact that the cannula will be introduced into the brain in a plane 
5 mm. behind the foramen of Monro. 

5. We then use the second external landmark, which is the inner canthus of the 
ipsilateral eye. The cannula is placed in the guide and the tip of the cannula is 
directed towards the inner canthus of the eye. The cannula is then pushed 2 cm. 
into the brain substance. At this point the external landmarks have served their 
purpose and it is necessary to switch to the internal pneumoencephalographic land- 
marks before proceeding further. 

6. A lateral and an anteroposterior roentgenogram of the skull are made in the 
operating room. They are developed on polaroid film so that the pictures become 
available in 50 seconds. These films are checked to see whether the cannula, if it is 
pushed to its proper depth in the brain, will come to lie at the desired points, that 
is point X in the anteroposterior film and point 0 in the lateral film. These anatomic 
landmarks have been described in detail in earlier communications and will not be 
repeated here.?~. 

7. When it is observed that the cannula is aimed at the proper points, it may 
then be placed at its proper depth, which is at the level of the middle of the third 
ventricle. This is usually 6.5 cm. beneath the cortex. If it is not aimed at the proper 
point a correction in its position is made and it is rechecked roentgenographically 
until it has assumed the proper position. 


* The technique described herein includes certain modifications made since this paper was presented 
in April 1957. 


| Manufactured by Invengineering Inc., Belmar, New Jersey. 
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Fic. 1. Chemopallidectomy cannula currently in use. This cannula has a solid stainless steel stylet 
for insertion of the cannula and a polyethylene stylet which is used to allow the cannula to remain 
indwelling in the brain. It is also equipped with a double lumen, one for inflation of a small balloon at 
the end of the cannula, the other for injection of a neurolytic agent into the brain. 


8. A balloon at the end of the double-lumen cannula is inflated by injection of 
Hypaque into the lumen leading to this balloon! (Figs. 1 and 2). This provides two 
functions: 1) It forms a cavity for later injection of Etopalin into the brain, thereby 
preventing any spread or reflux of the neurolytic agent. 2) It provides a physiologic 
lesion in the globus which temporarily alleviates contralateral tremor and rigidity 


when the cannula has been properly localized. 
9. The cannula is fixed in place and the patient is returned to his room, allowing 


the cannula to remain indwelling in the brain for later gradual infliction of the lesion. 
10. The patient is allowed to be ambulatory on the following morning. The 


Fic. 2. (Left) Inflation of balloon after its placement into the globus pallidus. In this case | cc. 


of Hypaque was injected into the balloon. 
Fic. 3. (Right) Lateral roentgenogram demonstrating inflation of balloon in the mesial globus. Note 


its position immediately behind the foramen of Monro. 
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Fic. 4. (Left) Anteroposterior roentgenogram demonstrating large lesion produced by injection of 
Etopalin plus Pantopaque through the indwelling catheter. This lesion produced complete alleviation 
of contralateral tremor and rigidity. In this case a simple chemopallidectomy cannula without the balloon 
was used. 

Fic. 5. (Right) Roentgenogram demonstrating radio-opaque lesion produced by injection of 
Etopalin-Pantopaque into the cavity made by prior inflation of the balloon in the globus pallidus. This 
lesion was made by three injections of 0.5 cc. Etopalin-Pantopaque following deflation of the balloon. 
The lesion produced complete alleviation of contralateral tremor and rigidity. 


i 


Fic. 6. In some instances a second lesion is placed behind the first in order to completely alleviate 
tremor. This diagrammatic drawing illustrates the two principal lesions that we use. The anterior lesion 
is the pallidal lesion. The posterior lesion is the thalamic lesion. 


series of alcohol or Etopalin* injections is begun 24 to 48 hours after surgery. At this 
time the intracerebral balloon is deflated and the first injection of alcohol is carried 
out. 


* Supplied by Ciba Pharmaceutical Co., Summit, New Jersey. 
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11. All injections are carried out with the patient in a sitting position after the 
position of the cannula has been checked roentgenographically. We now start wit 
a small injection of approximately 5/10 ce. of alcohol and then perform injectic 
of 5/10 to 7/10 ce. on 2 or 3 occasions over a period averaging 7 days. Our neur 
lytic agent, alcohol, is mixed with iophendylate so that the production of the lesi 
may be followed roentgenographically. The end point is reached when we have 
achieved the desired clinical result and when the roentgenographic appearance of the 
lesion seems to us adequate, as judged by previous experience (Figs. 3, 4, 5 and 6). 

12. If, 1 week after surgery, we are not satisfied that the symptoms are being 
adequately relieved, the patient is returned to the operating room and a second 
cannula is placed by hand, usually approximately 7-13 mm. behind the first. A 


34 Cc 


(/ 

















Fig. 7. A diagrammatic representation of the ventricular landmarks of our pallidal and thalamic 
lesion placements. The latter lies immediately beyond the midpoint of a line joining the posterior border 
of the foramen of Monro and the pineal body. 


second lesion is then placed in the brain at this location and almost invariably the 
summation effect of these two lesions will produce the desired result. 

13. As a result of experience with the posterior lesion mentioned above, we have 
learned that this posterior location is the most efficacious region in which to place 
a lesion for the relief of parkinsonian tremor and other involuntary movements. A 
series of 65 operations on cadavers identified this locus as the region of the ventro- 
lateral nucleus of the thalamus. 

It has become our practice during the past 200 cases to place the initial lesion 
in this thalamic location. This lesion is located slightly behind the midway point 
between the posterior margin of the foramen of Monro and the pineal gland. 
Roentgenographic landmarks for the thalamic lesion as compared with the pallidal 
lesion are shown in Fig. 7. 

The use of this thalamic lesion is to be preferred to the pallidal lesion for relief 
of parkinsonian tremor. Moreover, it is also effective in relieving rigidity. 


RESULTS 


Up to the present time* more than 650 chemopallidectomies have been 
performed for tremor and rigidity of parkinsonism. Rigidity has been re- 
lieved in 80 cent of these cases and tremor has been relieved in slightly «ver 


* Since presentation of this paper in April 1957, the results have been brought up to date of February 
1958 in order to provide more recent information. 
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75 per cent. These figures refer to cases in which the operation was done 
fom 8 months to 4 years ago and in which there has been no recurrence of 
s-mptoms up to the time of this report. Because of gradual technical im- 
provements in the operative procedure and more knowledgeable selection 
0 patients for surgery, chemopallidectomy has become increasingly suc- 
cessful and carries a minimal risk. In the past 100 cases, rigidity has been 
r lieved in 90 per cent whereas tremor was relieved in 85 per cent of these 
c.ses. Detailed reports of many of these cases appear elsewhere. Moreover, 
motion picture records before and after surgery, as well as the research 
archives of each case are available for objective study. 

The mortality rate for the entire series of chemopallidectomy is 2.4 
pcr cent. However, we have recently completed 150 consecutive cases of 
chemopallidectomy without a single fatality. The incidence of hemiparesis 
is 2 per cent. 

Forty chemopallidectomies for other disorders of involuntary movement 
in children and adults have been carried out. In these cases the most effec- 
tive lesion is the posterior or thalamic lesion described above. It must be 
emphasized that the exact anatomic structures affected in individual cases 
is not yet certain because of lack of autopsy material. However, our ana- 
tomic studies plus a large series of operations on cadavers lead us to conclude 
that interruption of fibre connections between the globus pallidus and the 
ventrolateral nucleus of the thalamus are particularly important in this re- 
gard. Moreover, a lesion placed directly within the thalamus is even more 
effective than one placed in the pallidothalamic pathways. There is some 
evidence that interruption of cerebellothalamocortical connections contri- 
bute to the clinical results that we obtain with the thalamic lesion. In more 
than two-thirds of these cases this procedure has alleviated the hyperkinetic 
manifestations and deformities of dystonia musculorum deformans, choreo- 
athetosis and hemiballismus. Both choreo-athetosis and dystonia have been 


relieved for more than 2 years by this procedure without recurrence up to 
the present time. 


SUMMARY 


Chemopallidectomy and/or chemothalamectomy in properly selected 
cases, if performed accurately and with meticulous attention to the post- 
operative regimen of intracerebral injection, will provide lasting alleviation 
of tremor and rigidity in more than 80 per cent of the cases of parkinsonism. 
The mortality rate is 2.4 per cent. The incidence of lasting hemiplegia is 2 
per cent. In certain cases the involuntary movements and deformities of 
dystonia, choreo-athetosis and hemiballismus have also been completely 
reversed by this procedure, without sacrifice of motor function. 

Chemopallidectomy and thalamectomy as presently employed on our 
service are, in our opinion, now capable of employment as a routine neuro- 
surgical procedure in diverse but meticulously selected cases of extra- 
pyramidal disorders. The procedure has the following advantages: 
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1. It has been developed and tested in a consecutive series of more that 
650 cases. Good results have been obtained consistently with a low in 
cidence of complication. 

2. It is simple, safe, accurate, and consistent once one is conversant wit! 
its details. 

3. The indwelling intracerebral catheter makes chemopallidectom) 
capable of producing an adequately sized lesion deep in the cerebrum in 
gradual increments over a period of 2 to 7 days, or longer if necessary. This 
facility of gradual infliction of a deep lesion in a conscious, cooperative pa- 
tient allows the surgeon to maintain better control over the postoperative 
situation by working up to a lesion large enough to alleviate the disabling 
symptoms without inflicting undesirable side effects. Moreover, with the 
indwelling cannula-balloon-Etopalin-iophendylate technique of producing 
the lesion, the size and boundaries of the lesion can be constantly controlled 
and visualized roentgenographically. Thus, the surgeon can simultaneously 
judge the intracerebral lesion and the clinical result being effected by 
chemopallidectomy or thalamectomy. 
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DISCUSSION 


Dr. Battey: The next speaker will be Dr. Kjellberg. 


[Dr. Kjellberg read a paper entitled “Stereotactic surgery for involuntary movements,” 


by Drs. W. H. Sweet and R. N. Kjellberg.] 


Dr. Barney: These reports by Dr. Cooper and Dr. Kjellberg are certainly very encour- 


aging. 
We shall now hear from Dr. C. M. Bertrand. 
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PNEUMOTAXIC TECHNIQUE 
A PNEUMOTAXIC TECHNIQUE FOR PRODUCING 
LOCALIZED CEREBRAL LESIONS 
AND ITS USE IN THE TREATMENT OF PARKINSON’S DISEASE* 
CLAUDE M. BERTRAND, M.D. 
Department of Neurosurgery, Hopital Notre-Dame, Montreal, Canada 


(Received for publication May 9, 1957) 


. LPHOUGH the work of Meyers,”® Fénelon,*:*! Wycis and Spiegel,” 
AY and Guiot and Brion” had already established that tremor and 
rigidity could be relieved by lesions in the region of the basal ganglia 
without producing any obvious weakness, the present approach to this 
problem was not undertaken until 1953 after observing an electrical coagula- 
tion: in the region of the ansa lenticularis performed by Guiot in Paris. Dis- 
agreement still prevails concerning the structures or even the precise region 
involved, but most reports suggest that, to be effective, a lesion has to be 
situated within the ansa lenticularis'®'* or the globus pallidus,>-7)":!7 and 
be fairly large (more than 5 mm. in diameter). At the present stage, some 
of these discrepancies are inherent in surgical procedures deep within the 
brain, where it is difficult to establish an accurate point of reference on a 
pheumogram or even a ventriculogram.” 


MATERIAL AND METHODS 
The 27 cases reviewed include the original cases presented in 1954,? 
and those published later’ (Table 1). One case, in which only a successful 


ligation of the choroidal artery® was performed, will not be discussed further. 
Of the 26 patients with sections of the basal ganglia, 2 were submitted to 
bilateral sections and 2 others had had a ligation of the choroidal artery on 
the other side. One patient with choreo-athetosis had undergone a peduncu- 
lotomy for the contralateral limbs. In 1 case of unilateral parkinsonism, the 
lateral column had been sectioned in the cervical spinal cord a few years 
previously. 

Since the anterior commissure is not always clearly visualized with 
oxygen, the foramen of Monro was chosen as a landmark in these procedures; 
it is near the basal ganglia and presents a fairly constant relationship to 
them. The distance from the midline of the 3rd ventricle on a well centered 
anteroposterior film was used to measure lateral distances. The middle of 
the foramen of Monro was selected to measure the vertical and anteropos- 
terior distances, even though it is really a channel up to 4 mm. in length and 
there might exist an initial error of 2 mm. in the point selected. Another 
factor to be contended with is the divergence of roentgen rays. To mini- 
mize possible mistakes as well as to avoid large vessels at the base of the 
brain, a superior parasagittal approach was used in all these cases except 

* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 


This study was supported, in part, by a research grant from the Cerebral Palsy Association of 
Quebec, Inc. 
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the first 2, in which the approach was through an anterior frontal trephiie 
opening. An immediate correction according to the effects obtained also 
seemed desirable; therefore, these sections were performed under local 
anaesthesia with radiological control of the position of the instrument. 


A simple mechanical snare, a Moniz leucotome, and later a modification of this 
instrument, were chosen for these sections. With it, the operator can select the 
quadrant in which to start his section, and it may be interrupted at any point. A 
permanent radiological record of the outline of the section is available. The leuco- 
tomes used open 6 mm. from the center of the shaft. When successive slices are 


TABLE 1 


Analysis of operations 


Parkinson’s disease 
24 cases ‘17 bilateral 
\ 7 unilateral 


Unilateral section 


Without guide 
With guide 


Unilateral ligature 
Bilateral section 
Section on one side and ligature on the other 


Choreo-athetosis 
3 cases 


Unilateral section 


Unilateral section and pedunculotomy 





sectioned around a full circle, a core of brain, 12 mm. in diameter and having the 
shape of an inverted top, is destroyed. Intense heat and the adherent coagulum 
produced by the cauteries then available,‘ and the capricious pattern of diffusion of 
injected fluids within the brain in experimental animals,' kept us from using these 
means of destruction, the practical value of which has since been established.®:7:!?,° '7"" 

In the initial cases, the foramen of Monro and, if possible, the anterior commis- 
sure were visualized on a pneumogram and used as landmarks. This was done under 
general anaesthesia and, immediately after the pneumogram, a trephine opening 
was placed 15 mm. from the midline in a coronal plane passing through the foramen 
of Monro and the anterior limit of the pons; this opening usually lies just behind the 
coronal suture. Later on, a leuacotome was introduced under local anaesthesia. The 
neuroradiologist would indicate a point on the zygoma corresponding to the lower 
end of a coronal plane passing through the center of the trephine opening and «om- 
ing down a few millimeters behind the foramen of Monro. This point would fa'! on 
the zygoma 6 to 7 cm. behind the outer rim of the orbit. Proper orientation and 
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depth were verified on subsequent roentgenograms, allowing for the magnification 
pr duced by diverging rays. Finally, the actual section was performed. This method 
w: s satisfactory but somewhat dangerous. 
A safer and more accurate instrumentation was gradually designed (Fig. 1). The 
preumotaxic guide is essentially a right-angled U-shaped rod with square frames 
each side. Small channels bored through the top of the instrument allow a 
‘otome made from a No. 16 gauge needle to be brought down at 15, 20, 25 or 
am. from the midline, parallel to the axis of two lateral bars. The desired coronal 
plane is determined by a 30 cc. pneumogram. The guide is fixed on the head at the 


Fic. 1. Pneumotaxic guide mounted on its base and resting on the craniograph table. The modified 
leucotome can be seen in place beside the midline screw. 


posterior end of each zygoma, just above and behind the temporomandibular joints. 
Pointed graduated screws anchor each limb solidly in a small drill-hole at an equal 
distance from the midline on either side of the head. A trephine opening is then made 
in the selected coronal plane 15 mm. from the midline and it is enlarged a few 
millimeters in all directions. The dura mater is opened widely. Cortical vessels 
are coagulated and, if necessary, more oxygen is introduced in the ventricles. After 
closing the scalp wound, the patient is taken to the X-ray department. In the frame 
closer to the lesion, a grid is mounted and it divides the area to be studied in 16 
squares of 1 cm. On the other side of the apparatus, small rods are fixed within the 
frame to verify that the roentgen rays are well centered. The guide is screwed on a 
special holder and fixed on the table of the craniograph. Thus, at a predetermined 
position of the roentgen-ray tube, the rays fall perpendicular to the center of the 
frames. After examining the first anteroposterior and lateral films, the coronal plane 
may be tilted, if necessary, by loosening the top midline screw and bringing it down 
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again at the desired point. In order to avoid tilting the guide, a rotating horizon al 
bar has recently been added. Depth below the foramen of Monro is calculated on the 
grid. The leucotome is blocked at the proper distance by an adjustable metal coll ir, 
It is introduced, opened and a control roentgenogram is taken. Finally, while i! is 
being successively opened, rotated and closed around its axis, motor power, alternat- 
ing movements, hypotonia, visual fields and speech are constantly checked. Ii is 
believed important not to rotate the leucotome more than 45° on its axis without 
closing it, in order to avoid traction on blood vessels. After the procedure, final 
roentgenograms are taken (Figs. 2 and 3). A long No. 16 gauge recording and stinu- 


Fic. 2. Anteroposterior roentgenogram of Case 18 during the procedure, The points of the lateral 
screws can be seen on each side of the skull, just above the zygoma. The leucotome is at a distance of 15 
mm. from the midline and the center of the snare is 10 mm. below the foramen of Monro. 


lating electrode has just been completed. A high-frequency controlled heating cau- 
tery could also be used. 


Briefly, with this guide, measurements are corrected in each plane sep- 
arately, after clinical and radiological findings. 


CLINICAL RESULTS 
Twenty-three patients with Parkinson’s disease only were operated pon 
by this method over a period of 3} years. It is still felt that patients sub- 
mitted to surgical therapy should be carefully selected. All procedures used 
involve destruction of a relatively large amount of basal ganglia and/or 
important adjoining structures. They should not be performed if the ps tient 
is able to lead a useful life without or even with medication. 





| upon 
s sub- 
S used 


yi d or 


ya tient 


PNEUMOTAXIC TECHNIQUE 


Fic. 3. Lateral roentgenogram of Case 22 during the procedure. The center of the snare falls 5 mm. 
behind and 10 mm. below the foramen of Monro. Central rays through the frames are almost parallel 
and cause no appreciable distortion of anatomical structures. 


Unfortunately, the first candidates chosen were mentally deteriorated or 
debilitated individuals prone to complications and offering little hope for 
reeducation. Although such patients must sometimes be operated on, these 
operations must be performed with a full understanding of the added risks 
and lesser possibilities. The most suitable subjects are those unable to carry 
on their daily activities but still mentally and physically capable of active 
rehabilitation. No more than 1 patient out of 4 was selected for operation. 

Because of the small number of cases analyzed, results were evaluated 
only in relation to motor function (Table 2). 

Of our 23 patients, 15 had an excellent result and 1 was markedly im- 
proved so that 16 or 70 per cent were definitely benefited by the section. 
Although all those operated upon were unable to work, 9 patients have re- 


TABLE 2 


Results of operations in Parkinson’s disease 


Result of All Sections 

0% Improvement 4 cases 
25% Improvement 3 cases 
50% Improvement 1 case 
75% Improvement 15 cases 


Result of Sections with Pneumotazxic Guide 
Improvement 1 case 


25% 
75% Improvement 9 cases 


0%=No improvement. Worse or died following section. 
25% = Moderate improvement but unable to walk alone. 
50% =Good improvement. Able to eat and walk alone. 
75% = Excellent result. Able to perform daily activities. 
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sumed their former occupation. They are listed below according to the typ» 
of work they are doing and the number of months they have been working: 


1 housewife —13 months 
1 painter —15 months 
1 storekeeper —30 months 
1 farmer —14 months 
1 clerk — 7 months 
1 truck driver— 6 months 
1 plumber — 6 months 
2 labourers —part time work for 8 months in one case 
and 33 months in the other. 


Of the other 7 patients, 2 died following bilateral lesions. One, who had 
Parkinson’s disease of long standing, was extremely debilitated. He remained 
drowsy after a second section done 1 month following a satisfactory section 
on the other side and succumbed to pulmonary complications a few weeks 
later. In the other patient, a young woman 34 years old, uncontrollable 
choreo-athetoid movements developed 36 hours after her section. She had 
had ligation of the choroidal artery on the other side 8 months previously. 
Her case will be discussed later. Another patient, who died following a 
unilateral lesion (1 out of 24 sections, 4 per cent), was a middle-aged doctor 
in whom the leucotome was inadvertently brought down well below the 
usual site of section; a branch of the middle cerebral artery was probably 
torn. The immediate result was excellent but he had a massive hemorrhage 
within an hour after operation. Two patients suffered from a hemiparesis: 
1 when the leucotome was opened too far posteriorly (1 em. behind the 
foramen of Monro), and the other from a hematoma a few hours after a 
satisfactory section. A 67-year-old patient became too drowsy to cooperate 
during the procedure. The last patient in this group had undergone section 
of a lateral column a few years previously; he is up and around but has been 
only slightly improved by section. No patient has been lost since the intro- 
duction of the pneumotaxic guide. Nine out of 10 patients had an excellent 
result. The one failure was in the case mentioned above, in which a hema- 
toma marred a good result. No hematoma has occurred since the leucotome 
has been modified and the blade has been replaced by a fine piano wire which 
is closed at least every 45° while it is being turned around the axis of the 
instrument. It would seem that marked kinetic improvement and diminishied 
rigidity can be obtained in over 80 per cent of well selected cases, if the section 
is well localized and carried far enough. 

Duration of Results. Presumably from a combination of oedema «nd 
petechial hemorrhages, the effect of the procedure increases in the first days 
that follow it. In the next 4 to 6 months, a slight recurrence of symptoms, 
up to 15 per cent, may occur. Only 4 of these patients have been follo-ved 
more than 30 months and they have shown very little change within {hat 
time. The 2 patients with bilateral procedures are walking around and ta! ing 
care of themselves as well as the patient who had had section of a lat ral 
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column previously. The 4th patient, who had not worked for 15 years prior 
{ » operation, is still working. 

These procedures help rigidity more than tremor; some degree of tremor 
cin be seen in over 50 per cent of these patients though it might be evident 
uider emotional tension only. 


IMMEDIATE EFFECTS 

This type of approach is particularly interesting because it affords an 
o; portunity of appraising the immediate consequences of a lesion as it is 
bcing increased. Some of the manifestations that appear in the first days 
ai‘er operation may be attributed, in good part, to oedema, but the phe- 
nomena observed during section or in the first minutes after the lesion, must 
be caused by the destruction outlined or in its immediate vicinity, unless 
ore postulates distant effects from vasospasm. 

Psychic Phenomena. In most cases, a change in the reactions of the pa- 
tient is apparent during the section. His attention wanes. He becomes in- 
different and drowsy and he frequently has a tendency to keep his eyes 
closed. After a short while, orders have to be repeated. They may be poorly 
executed even on the side not involved by the lesion. There seems to be a 
certain degree of negativism and, on a few occasions, there was a tendency 
to catatonia. These manifestations may be very slight or, on the contrary, 
in individuals who have definite mental changes before operation, they are 
quite pronounced. 

Eye-turning. Immediately following section, the subject often becomes 
unable to look away from the side of the section even though gross testing 
of visual fields shows no hemianopsia. He will identify the examiner's 
finger in the contralateral visual field, but he will keep his eyes turned 
slightly to the side of the lesion and will not follow the finger beyond the 
midline. This is probably caused by a slight contusion of the fibres that 
channel from area 8 of Brodmann within the frontopontine group rather 
than by a lack of awareness for the left visual field, or a partial transitory 
hemianopsia from traction on the optic tract. 

Speech Disturbances. In 3 instances, during a section performed in the 
major hemisphere, a transitory dysarthria was evident. In 1-of these, there 
was also a definite nominal aphasia which disappeared rapidly. That patient 
had a very marked bradykinesia following operation. 

Motor Phenomena. Motor changes are most impressive and, obviously, 
must be observed most carefully. In the majority of cases, rapidly alternat- 
ing movements will be started seconds after an effective lesion is in progress. 
If not, the operator must be guided by the amount of hypotonia produced 
by the section. A few times, as hypotonia appeared, a coarse fleeting tremor 
of larger amplitude was seen. Passive mobility of the joints, especially of 
the wrist and ankle, has a definite prognostic significance. When hypotonia 
is not obtained, the lesion must be modified since a pronounced decrease of 
tonus is sought for. This can be accomplished in nearly all cases by carrying 
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the lesion low enough, thus producing within a short period of time in 
known region, what repeated injections may produce in a matter of days by 
infiltrating in various directions. 

One may anticipate certain difficulties when bradykinesia is more ev: 
dent than either tremor or rigidity. In such a case, the procedure was re 
peated after 9 months, and again multiple lesions had to be performe: 
before obtaining a satisfactory result. Following operation, bradykinesi: 
was extreme. The patient would remain looking at his hand, trying to close 
it for many seconds before being able to do so, yet strength was not altered 
and there were no pyramidal tract signs. In this case and another in which a 
preexisting bradykinesia was exaggerated in the days following operation, 
eventual result was excellent. One of these patients is anxious to have the 
other side done soon, while the other drove his truck to come to the outdoor 
clinic 1 month after operation, although he had been unable to drive for more 
than 2 years. The attitude of these patients towards their limbs suggests 
that lack of awareness might be a contributing factor; the patient who had a 
hemiparesis from a small hematoma had a complete anosognosia.* 

True pyramidal tract signs are rarely present immediately after section. 
In a few cases, a Babinski response was obtained. A slight facial paresis 
occurs more often, especially during the days following a lesion. A pyramidal 
tract lesion does not seem to be a requisite for obtaining results, since good 
lesions may be situated far from the pyramidal tract, as reported by other 
workers. ®:10:13,16,19 

Incidentally, in the first case of choreo-athetosis, in which the lesion was 
not carried within the pyramidal tract, little or no effect was obtained. In 


the other 2, an excellent result was produced by gradually enlarging the 
lesion so as to cause a marked paresis. The effect of section was greater than 
that of pedunculotomy in 1 of these, presumably because paresis was more 
marked. The mechanism and treatment of choreo-athetosis seem to differ 
completely from those of Parkinson’s disease. 


LOCALIZATION 


Even if precise conclusions regarding the localization of lesions are not 
warranted when the lesions are so large, certain inferences are justifiable 
(Fig. 4). In the anteroposterior diameter, no effective lesion was produced 
when it was centered in front of the foramen of Monro, while a hemiplegia 
resulted from one with its center placed 10 mm. behind that foramen. It is 
thought that the center of the lesion should be between 0 and 5 mm., at 
most 7 mm., behind the foramen of Monro (see Addendum). 

Satisfactory lesions were produced between 10 and 24 mm. from the 
midline, but the great majority lie between 15 and 22 mm. This is con- 
sidered the optimum distance since the optic tract lies 10 mm. from the 


* The other patient who had his section repeated was the first one, with bilateral lesions, op« ated 
upon in 1953 through an anterior frontal approach. A section was performed through a superio: par- 
asagittal frontal trephine opening in 1956 with a very good result. 
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» idline at the level of the foramen, and some 14 mm. from the midline when 
tiie lesion is placed 5 mm. farther back. In that respect, the more lateral the 
| sion lies, the safer it is. On the other hand, a more lateral lesion would be 
n ore prone to cause bleeding if it should be carried too deeply. 

Most effective lesions are centered between 8 and 12 mm. below the 
f. ramen of Monro. Frequently, lowering a lesion a few millimeters, for in- 


TRIDIMENSIONAL (PNEUMOTAXIC) LOCALIZATION OF SECTIONS 
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Fig. 4. Distribution of the radiological center of lesions in all planes, demonstrating, in the last 9 


cases (9 lowest dots in each column), the accuracy of operations performed with the guide (90 per cent 
in each plane) and the small margin of error. 




















stance from 8 to 11 mm. below the foramen of Monro, will produce imme- 
diate results when a previous lesion had had no effect. Selective results of this 
kind point to the importance of the lower portion of the lenticular nucleus, 
especially at the level of globus crus II, and of the adjoining ansa lenticu- 
laris. In fact, the primary lesion rarely has to be enlarged since it is centered 
below 9 mm. A few effective low lesions have been found at the tip of globus 
crus I while others involved mostly the putamen. It would seem that a 
common factor is the destruction of a large portion of efferent fibres from 
the basal ganglia. These structures are situated immediately above the 
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optic tract and the branches of the middle cerebral artery so that poor r- 
sults might be attributed to excessive caution in avoiding these structures 
with lesions either too small or situated too high. 

To summarize, the critical area to be destroyed is centered 15 to 20 mn. 
from the midline, 0 to 5 mm. behind the foramen of Monro and, most im- 
portant of all, 8 to 12 mm. below this foramen. All lesions placed in this 
area with the pneumotaxic guide were immediately effective, although one 


Fia. 5. Photograph of section through the basal ganglia stained with osmic acid. Right nucleus !enti- 
cularis shows destruction of globus pallidus crus I as well as degeneration of ansa lenticularis and fascicu- 
lus lenticularis following section. In some posterior sections, globus pallidus crus II was also destroyed. 


result was spoiled by a technical error. Such constancy is rather surprising 
when one considers the extreme variations in tremor, rigidity, bradykinesia, 
weakness and wasting of muscles in cases of Parkinson’s disease. These 
differences point to a variable involvement of the upper mesencephalon and 
globus pallidus. Nevertheless, a single, though admittedly large, wel! lo- 
calized lesion may be beneficial to most or all of these symptoms, although 
it influences rigidity primarily. 

As mentioned previously, a young woman with a satisfactory lesion had 
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onset of uncontrollable choreo-athetoid movements in the contralateral 
linbs 36 hours after a section of the globus pallidus on the right side. 

She had had a ligation of the choroidal artery on the left, 8 months 
previously. Within a few days, the choreo-athetoid movements spread from 
the left to the right side of her body. Phenobarbital, chlorpromazine, tri- 
h xyphenidyl (Artane), and other drugs were ineffective in preventing ab- 
n.rmal movements unless doses were large enough to make her sleep. She 
rena high temperature. A control ventriculogram, done 2 weeks after opera- 


Fic. 6. Photograph of section through the basal ganglia stained with osmic acid. Left nucleus lenti- 
cularis shows only degeneration of globus pallidus crus I following ligation of anterior choroidal artery. 


tion, was negative and, after a month, she died of bronchopneumonia. 
Results of ligation of the choroidal artery had been satisfactory and she 
had been able to resume eating with her right hand. Immediate effects of her 
basal ganglia lesion were much more pronounced and rapidly alternating 
movements were performed with agility. Sections of the brain (Figs. 5 and 6) 
on the side of the choroidal artery ligation revealed little more than a de- 
generation of globus pallidus crus I and very slight involvement of globus 
pallidus crus II; there was no definite lesion in the ansa lenticularis. On the 
side of the section, globus pallidus crus I and crus IT were almost completely 
destroyed, particularly the latter. Moreover, there was destruction of the 
efferent fibres from the globus pallidus that form the fasciculus lenticularis, 
as well as destruction of the ansa lenticularis, and of sublenticular fibres 
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coming from the putamen, while the optic tract was intact. There was als) 
a circumscribed lesion in the frontopontine fibres and finally, a lesion in tl e 
lateral portion of the subthalamus in the region of the subthalamic nuclevs 
and of the pallidosubthalamic fibres. 

This operation was performed early in the series when a guide was not 
used, and yet, the case demonstrates an excellent correlation between tlie 
lesions expected from the roentgenograms and those that were actualiy 
produced. There was no lesion of the putamen, which has been reported re- 
cently as a probable cause of choreiform movements and/or rigidity during 
injections.” 

Worry about the possible consequences of bilateral pallidal lesions, in 
view of this dreadful complication, halted this type of surgery for many 
months. However, it is more probable that the responsible lesion was that 
of the subthalamic nucleus rather than that involving the globus on either 
side. The other patient who had choreo-athetoid movements for a few weeks 
following operation admittedly presented a history suggestive of chorea 
shortly before the onset of parkinsonism; on the other hand, his lesion, 
though unilateral, was situated in the same area. . 

During this study, it has been demonstrated that destruction of a 
majority of the efferent fibres from the lenticular nucleus produces a marked 
reduction in muscle tone in cases of Parkinson’s disease. It is known that 
most of these fibres terminate in the region of the red nucleus and in the 
reticular substance of the midbrain. The role of the rubro- and reticulospinal 
tracts in the maintenance of muscle tone through their influence on the 
gamma fibres, is well substantiated. 

These results indicate that excitatory or facilitating stimuli to these 
centers are diminished or abolished by such procedures, as propounded by 
Spiegel and Wycis,'*:!° whether or not the reticular substance has a tremor- 
genetic function as they have suggested. 


SUMMARY AND CONCLUSIONS 


A pneumotaxic method has been described which affords a fairly precise 
and simple way of localizing and sectioning deep cerebral structures, such 
as a portion of the basal ganglia. It allows immediate correction of the sec- 
tion in each plane separately under clinical and radiological control; one 
may observe the effects of the actual section while obtaining a permanent 
record of the lesion. The clinical results obtained with the pneumotaxic 
guide compare favorably with those reported by others.7:1:15:17-19 

Such procedures are justified in certain patients with Parkinson’s dis- 
ease unable to carry on but still mentally and physically capable of re- 
habilitation. 

The material reviewed indicates that an ideal lesion should be cent«red 
15 to 20 mm. from the midline, 9 to 5 mm. behind the foramen of Mcnro, 
and 8 to 12 mm. below the foramen of Monro. 

Lesions found in the brain of a young patient who presented un:on- 
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trollable choreo-athetoid movements following the second section have been 
reported. 

Contrary to the results obtained in Parkinson’s disease, successful relief 
co: choreo-athetosis in 2 cases was produced only by gradual section of the 
pyramidal tract behind the globus pallidus, and was proportional to the 
paresis effected. 


ADDENDUM 


Since this paper was submitted for publication, depth recording and 
siimulation with a triple-lead needle-electrode has been done systematically 
in 30 cases. Thus, individual variations are usually detected and damage to 
surrounding structures is avoided, so that lesions can frequently be centered 

p to 10 mm. behind the foramen of Monro. A more precise instrument 
aimed by fluoroscopy outside the patient’s head is now in use. 


REFERENCES 


1. Bertranp, C. Diffusion and absorption within the brain. An experimental study with Prussian 
blue and India ink in rabbits and cats. J. Neuropath. exp. Neurol., 1952, 11: 53-61. 

2. BertrRaAND, C. Ansotomy in the treatment of Parkinson’s disease. Presented at a meeting of the 
Neurosurgical Society of America, Mackinac Island, Michigan, July 24, 1954. 

3. BerTRAND, C. Une nouvelle modification technique pour la chirurgie des mouvements involon- 
taires. Un. méd. Can., 1955, 84: 150-153. 

4, Cauptii, C. M., Smrru, G. A., Frencu, L. A., Peyton, W. T., and Moors, G. E. Experimental 
studies of the effect of coagulating currents upon the brain when applied to the intact dura and 
directly on the cortex. J. Neurosurg., 1951, 8: 423-434. 

5. Cooper, I.S. Surgical occlusion of the anterior choroidal artery in parkinsonism. Surg. Gynec. 
Obstet., 1954, 99: 207-219. 

6. Cooper, I. S. The neurosurgical alleviation of parkinsonism. Springfield, Ill.: Charles C Thomas, 
1956, xii, 104 pp. 

7. Cooper, I. S., and Potouxuine, N. Chemopallidectomy: a neurosurgical technique useful in 
geriatric parkinsonians. J. Amer. geriat. Soc., 1955, 3: 839-859. 

8. FineLon, F. Essais de traitement neurochirurgical du syndrome parkinsonien par intervention 
directe sur les voies extrapyramidales immédiatement sous striopallidales (anse lenticulaire). Com- 
munication suivie de projection du film d’un des opérés pris avant et aprés l’intervention. Rev. neurol., 
1950, 83: 437-440. 

9. Fineton, F. Traitement neuro-chirurgical de la maladie de Parkinson par interruption de l’anse 
lenticulaire. Pr. méd., 1951, 59: 308-309. 

10. Fineton, F. Bilan de quatre années de pratique d’une intervention personnelle pour maladie de 
Parkinson. Rev. neurol., 1953, 89: 580-585. 

11. FénELon, F., and Turésaut, F. Résultats du traitement neurochirurgical d’une rigidité parkin- 
sonienne par intervention striopallidale unilatérale. Rev. neurol., 1950, 83: 280-281. 

12. Gurot, G., and Brion,S. Traitement neuro-chirurgical de syndrémes choréo-athétosiques et parkin- 
soniens. Sem. Hép. Paris, 1952, 28 : 2095-2099. 

13. Gurot, G., and Brion, S. Traitement des mouvements anormaux par la coagulation pallidale. 
Technique et résultats. Rev. neurol., 1953, 89: 578-580. 

14. Kaapa, B. R. Suprasegmental mechanisms. XIXth International Physiological Congress (Mont- 
real). Abstracts of communications, 1953, 81-87. 

15. Meyers, R. The modification of alternating tremors, rigidity and festination by surgery of the 
basal ganglia. Res. Publ. Ass. nerv. ment. Dis., 1942, 21: 602-665. 

16. Meyers, R. Surgical experiments in the therapy of certain “extrapyramidal” diseases: a current 
evaluation. Acta psychiat., Kbh., 1951, suppl. 67, 42 pp. 

17, Narasayasui, H., Okuma, T., and Surxrpa, 8. Procaine oil blocking of the globus pallidus. Arch. 
Neurol. Psychiat., Chicago, 1956, 75: 36-48. 

18. Sprecet, E. A., and Wycis, H.T. The role of the pallidum in the mechanism of involuntary move- 


ments and of tremor. XIXth International Physiological Congress (Montreal). Abstracts of com- 
munications, 1953, 786-787. 








264 GEORGE AUSTIN AND ARNOLD LEE 
9. Sprecen, E. A., and Wycis, H.T. Ansotomy in paralysis agitans. Arch. Neurol. Psychiat., Chicag: , 
1954, 71: 598-614. 
. Tauarracn, J. Les explorations radiologiques stéréotaxiques. Rev. neurol., 1954, 90: 556-584. 
. Torres, M., Cooper, I. S., and Potouxutine, N. Effects of lesions in the putamen on involuntary 
movements and rigidity in Parkinson’s disease. J. Amer. geriat. Soc., 1956, 4: 1309-1319. 
. Wycis, H. T., and Sprecer, E. A. Ansotomy in paralysis agitans. Conf. neurol., 1952, 12: 245-245). 


A PLASTIC BALL-AND-SOCKET TYPE OF 
STEREOTAXIC DIRECTOR* 


GEORGE AUSTIN, M.D., ann ARNOLD LEE, A.B. 
Division of Neurosurgery, University of Oregon Medical School, Portland, Oregon 


(Received for publication January 10, 1958) 


HE purpose of recent attempts to perform stereotaxis in humans has 

been to localize a destructive agent in some predetermined area of the 

brain to correct existing pathology. Most attempts to do this have 
been with the aid of a needle, placing the tip of the needle in the desired 
structure and then producing localized necrosis by use of either a direct 
current or high frequency current, or else by injecting some coagulating 
chemical agent. Methods employing electrocoagulation by direct current 
or high frequencies have had the disadvantage that different types of tissue, 
including blood vessels and small interstitial pools of fluid, have had different 
resistances. This makes the size of the lesion somewhat difficult to control 
although reproducible lesions can be made in dead tissue or cadavers. The 
disadvantage of the method of injecting a chemical coagulant has been that 
often it is difficult to predetermine the exact area over which the fluid spreads 
and attempts to conirol this have been based largely on making the fluid 
medium more of a gel to increase the tendency to remain localized at the tip 
of the needle. 

Difficulties in localizing the tip of the needle have been twofold. First, 
the target area of brain tissue has been related to anatomical structures con- 
sisting of certain bony landmarks in the skull, the pineal body, and soft 
tissue landmarks such as the posterior commissure and the ventricular sys- 
tem. These landmarks are all based on the idea of an average normal position 
usually derived from an atlas based on several autopsy preparations. This 
means that at best our method is only approximate, and hence the approach 
should be made as simple as possible. A second difficulty in stereotaxic 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 

This work was done while the senior author was at the University of Pennsylvania, under a con‘ract 
between the Office of Naval Research, Department of the Navy, and the University of Pennsylv nia, 
No. 1686. 
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procedures has been the unwieldiness of the instruments employed. Some 
o: them are based on a plaster cast being fixed to the head, with the stereo- 
t:xie frame then being attached to this cast. Others have been complex and 
d‘fficult to handle for other reasons, including size and weight. These in- 
siruments, however, have all had considerable accuracy as far as maneuver- 
irg the needle and placing the tip where the operator wanted it to be. How- 
ever, as already discussed, the problem has not been primarily that of plac- 
ing the tip where the operator wants it, but making sure that where the 
oerator wants it to be, is where the desired subcortical structure really lies. 

For these reasons it seemed to us that the ideal type of stereotaxic in- 
strument should be based on simplicity and ease of handling in order not to 


Fic. 1. Shows the 3 plastic pieces and the metal shell (right foreground) for holding the needle. 
In the left foreground is a piece of steel tubing used for the needle. 


become confused with the idea that the more elaborate the instrument the 
more accurate the subsequent injection or coagulation. Our previously de- 
signed instrument weighing only a pound and a quarter,! and being con- 
structed of aifodized aluminum, was easy to mount on the skull by fixation 
with three screws to the external table. Nevertheless, this instrument re- 
quired more time and preparation before the actual injection than we feel 
is indicated considering the present knowledge of the accuracy of the final 
electrode position. Undoubtedly, as others have suggested, the day must 
come when accuracy is determined by the physiological and electrical re- 
sponse from stimulation. 


DESIGN AND APPLICATION 


The present instrument consists of a three-piece ball-and-socket type of joint 
made entirely of sterilizable plastic (Fig. 1). The instrument weighs only 2 ounces 
and is used by threading the outer shell in to a previously trephined and tapped 
hole in the skull (Fig. 2). The initial trephine hole is placed wherever desired so as to 
be well away from the motor, sensory, or speech cortex. We prefer a somewhat su- 
perior type of approach in order to stay away from the larger branches of the circle 
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Fig. 2. Schematic drawing of stereotaxic 
instrument threaded into skull, showing needle in 


shell. 
Fia. 3. Stainless steel tap on left and trephine 
on right, used for applying the stereotaxic director. 


of Willis as they come up from below. 
A 2-inch linear incision is made down to 
the bone using a self-retaining retractor. 
The specially designed trephine is then 
employed to remove a small bony button 
and the hole is tapped with the imstru- 
ment shown in Fig. 3. This instrument 
has the advantage that it will very easily 
cut threads in the bone and at a sufficient 
depth, so that they will not become 
eroded if the instrument need be reap- 
plied on a subsequent occasion. The ex- 
ternal plastic shell is threaded into the 
tapped hole in the skull and the ball- 
and-socket joint is mounted within this 
shell and held in place with a threaded 
external cap, as shown in Fig. 4. ‘Ihe 
needle and overlying catheter are then 
passed through a metal shell in the hole 
in the ball-and-socket joint. The necdle 





Fig. 4. Plastic ball-and-socket stereotaxi: 
director screwed in place on skull. 
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BALL-AND-SOCKET TYPE OF STEREOTAXIC DIRECTOR 





Fia. 5. Shows plastic ball and socket threaded in place on skull with tip of needle inserted 
in region of nucleus medialis dorsalis of thalamus. 


and catheter fit lightly but well in this adjustable shell in the ball-and-socket joint 
and are held there by a thumb screw. The catheter goes to the end of the needle and 
is held in this same position throughout the operation until the needle is withdrawn, 
leaving the catheter in place. After the needle is withdrawn the plastic ball is slipped 
back and out over the catheter which permits the catheter to remain in position for 
subsequent injections. 

The insertion of the needle and catheter is carried out in the following manner. 
After the dura mater has been opened and the instrument has been screwed in place, 
the needle and catheter are pushed down until they are just resting against the 
cortex and directed in the approximate position of the desired nucleus. The ball is 
then locked in this position and anteroposterior and lateral roentgenograms are 
taken. Several corrections are usually necessary before, by means of projecting 
the tip of the needle, it is determined that it will eventually lie at the desired locus. 
The needle and catheter are then inserted to the desired depth, taking account of 
the distortion factor of the roentgen rays. Final anteroposterior and lateral views are 
taken to be sure that the tip of the needle is exactly at the spot aimed. Using this 
method only one insertion through the cortex is necessary and in 11 cases done so 
far no hemorrhage or other damage has been encountered from the insertion of the 
needle. Before the needle is withdrawn we usually inject the desired quantity of 
chemical coagulant. In our own hands we have used absolute alcohol in quantities 
of slightly less than 1 cc. for the initial injection. This actually means about 0.8 ce. 
since it takes approximately 0.2 ce. to fill the catheter. 


The method has proven far more rapid than our previous experience has 
shown with other stereotaxic instruments. In addition, it is simple to use 
and much more comfortable for the patient because of its light weight. To 
date the instrument has been used for injecting the globus pallidus, part one, 
for Parkinson’s disease, and the nucleus medialis dorsalis of the thalamus 
for intractable pain (Fig. 5). 
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SUMMARY 


1. The object and limitations of stereotaxic techniques are describe: , 
comparing the complexity of the design of the stereotaxic instrument wil 
the eventual accuracy in placement of the tip of the needle. It is conclud« 
that in spite of the development of more complicated precision instruments, 
the effective final placement of the tip of the needle has not been refined. 

2. A new type of plastic ball-and-socket type of stereotaxic director 
described, which weighs only a few ounces, and which screws into a tre 
phined and tapped hole in the skull. 

3. Simplicity, ease of application, and lack of damage to overlying tissues 
have all contributed to the successful use of this instrument.* 
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* This instrument is now obtainable from Invengineering, Inc., P. O. Box 360, Belmar, New Jersey. 


DISCUSSION 


Dr. BartLey: I am very much interested in simplification of the instrumentation used for 
these purposes, but when one uses such expressions as “relatively fixed,’’ it makes me shiver. 
I think the head must be absolutely fixed if that ideal is attainable, although I admit that 
a certain amount of flexibility is also desirable. This simplification of instrumentation makes 
me remember two experiences which I think are pertinent. In the first place, the great German 
surgeon, Sauerbruch, you remember, worked out a method of operating on the lung inside a 
pressure cabinet to enable him to keep the tension and air pressure in the lungs constant 
while he operated. He was invited to come over to New York to demonstrate this method. 
After he got through with his operation, having transported this clumsy apparatus over at 
considerable expense, a young man named Meltzer, who founded the Society for Experimental 
Biology and Surgery, often called familiarly the Meltzer Verein, got up and in five minutes 
demolished the whole business by showing a little apparatus which he used for positive 
pressure in the lungs, and Sauerbruch’s demonstration was killed. I am told that this was 
the reason for his lifelong antagonism toward Americans. [Laughter] 

Well, I had one similar experience myself. Not long ago one of the physiologists in Chicago 
applied for money to carry on an experimental study on the effect of hypoxia on the brain 
and he wanted a complicated apparatus which cost about $8000 to build. Well, I looked the 
project over and persuaded my colleagues to vote the money and have since then been the 
butt of many jokes because, before he really got going with the project, somebody invented 
a machine for $37.50 that would do the same thing. [Laughter] 

Well, if Dr. Austin can make a $37.50 instrument that will do the same thing as a $2,000 
one, I think it is all to the good. 

I still think that it is necessary to have some functional physiological checks on the posi- 
tion of these needles, because everyone who uses these methods must shiver when he operates 
within such restricted areas, more or less blindly, and I for one would feel much happier if 
there were some way of checking physiologically that I was in the right area. Those sor's of 
investigations are now going on in various places, and one of those who is most apt to solve 
some of these problems, I think, is Dr. Delgado, our next speaker. 
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FUNCTIONAL EXPLORATION OF THE BRAIN 
WITH STEREOTAXIC TECHNIQUES* 


JOSE M. R. DELGADO, M.D. 
Departments of Physiology and Psychiatry, Yale University School of Medicine, 
New Haven, Connecticut 


(Received for publication November 7, 1957) 


FTER the pioneer work of Horsley and Clarke* in animals and Spiegel 
et al.!® in humans, several other stereotaxic instruments and technical 
vi improvements were described in the literature.!:*:>:91!—1,16,19-24 AJ] 
these methods had a common aim—to locate specific cerebral structures 
through small burr holes, using bone or intracerebral landmarks as reference 
peints. Interaural line, inferior orbit, habenula, pineal body, ventricles and 
ot!er structures have been used as references. The main problem has been 
to find appropriate anatomical correlations. Some technical difficulties con- 
cerning distortion of brain preparations have been described®™ but the 
greatest handicap has been anatomical variations. Radiological studies of 
the skull of each patient before the operation may help; however, neuro- 
surgeons are generally aware that anatomical variations limit the accuracy 
of stereotaxic methods and considerable work has been done to learn the 
margin of possible error, which may be several millimeters.!* A second 
limitation often overlooked is the existence of physiological variations. Even 
with ideal anatomical conditions, if we were able to hit systematically a 
cerebral target—a point of the pallidum for example—the effects of elec- 
trical stimulation probably would vary in different patients. The purpose 
of this paper is to comment on this functional variability and to discuss 
different types of exploration which may improve the accuracy of stereo- 
taxic techniques. Our experience is based on stereotaxic exploration of the 
brain in a large number of monkeys and, in collaboration with Dr. Hannibal 
Hamlin, on manual placement of intracerebral electrodes in a group of 30 
patients. 

Electrical Stimulation. A well known fact emphasized a long time ago 
by Sherrington!’ and confirmed often in the operating room is the unpre- 
dictability of stimulations of the motor cortex. It is true that there is a 
somatic distribution, with leg represented in the upper part and face in the 
lower part of the precentral gyrus, but it would be risky to predict the result 
of the stimulation of a concrete point in area 4 because the shape of sulci and 
gyri do not correspond exactly to motor representation. When a surgeon 
tries to remove the motor area of the hand, for example, anatomical land- 
marks are used for general orientation but it is the functional exploration 
that is decisive to delimit the excision. In deep structures the problem is 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
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similar. Electrical stimulation of the posteroventral nucleus of the thalamu 
in the unanesthetized monkey produces offensive-defensive reaction? bi 
again it would be difficult to predict the results of stimulation of a specifi» 
point in this structure. However, from the motor cortex we can expect motcr 
activity and from the posteroventral thalamus emotional responses. Ar - 
alysis of somatic, autonomic and psychic effects evoked by electrical stimu - 
lation may help to identify anatomical structures and to pinpoint function: | 
localization in each case. This is well known in surgical therapy of pain” 
in which electrical exploration is usually performed before the permanent 
interruption of pathways. Something similar might be done in stereotaxic 
techniques, especially when electrodes are left in the brain for several days. 
Multiplicity of leads allowing the exploration of many points is particularly 
useful. One problem, however, must be mentioned. Several authors, from 
Sherrington" to Penfield and Jasper, have mentioned a “cortical instabil- 
ity’’; stimulation of the same points at different times gave different results. 
If this is true, interpretation of functional exploration would be most diffi- 
cult. However, we must consider that during surgical operations experi- 
mental conditions are not constant. Level of anesthesia may change and 
even with local anesthetic many factors are difficult to control, such as 
physical and mental stress of the patient, position and pressure of the elec- 
trodes, moisture on the cortex, local circulation and temperature of the 
brain, impedance of the contacts, etc. Variation of these factors could be 
responsible for the cortical instability. In our studies with intracerebral 
implanted electrodes in both animals and humans these factors, on the 
contrary, were constant, and stimulation of the same points gave similar 
results throughout. the observation period. In one monkey, for example, 
electrical stimulation of one point in the motor cortex evoked extension of 
the contralateral arm with similar motor characteristics for 6 months of 
observation and many other animals have confirmed reliability of results. 
In humans with implanted electrodes reliability of motor effects evoked by 
electrical stimulation of area 4 has also been repeatedly demonstrated and 
other effects such as déjd vu or increase in friendly verbalization were evoked 
by electrical stimulation of the frontotemporal region with the results being 
specific and repeatable, with a significance demonstrated by statistical 
analysis.’ It should be emphasized that effects of electrical stimulation of the 
brain could be predicted after functional exploration, but prediction would 
be difficult and often wrong when based only on anatomical data. 
Spontaneous Electrical Activity. The claim of Kornmiiller!® concerning a 
correlation between electrical activity and cerebral cytoarchitectonics 1n- 
fortunately has not been confirmed. It is true that, as described by Penfield 
and Jasper” and others, the occipital, parietal and temporal cortex have a 
regular rhythm of about 10 cycles per second while the sensory and motor 
cortex exhibit a faster frequency and different pattern, but these correlations 
are too gross for the purpose. Within the brain, also, it is easy to different’ ate 
the rather flat activity of the septal areas from the spiky pattern of ‘he 
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Fig. 1. Local after-discharge evoked by electrical stimulation of three pairs of adjacent contacts 
(1-2, 3-4, 5-6) of the right needle (RT.ND.). Observe that in each case the evoked after-discharge was 
different. The pattern of each was reliable and its study could be used for functional identification of 
cere’ ral structures. RT.ND.= depth electrodes in the temporal lobe. RT.FP. =subdural cortical electrodes 


on frontal lobe. Contact #1 at the tip, contact #7 at the top of each array of electrodes. Dot on diagrams = 
top «! depth electrode shaft. (Epileptic patient) 
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hippocampus but up to now fine differences in electrical pattern withi 
discrete anatomical structures have not been demonstrated and therefor : 
study of spontaneous electrical activity does not add accuracy to the sterec - 
taxic technique. Knowledge of spontaneous electrical pattern could, how- 
ever, be useful to detect gross errors in the location of contacts. Also a 
mechanical shifting in the position of implanted leads could be identified by 
analysis of spontaneous activity because local electrical patterns are in gen.- 
eral very reliable. 

Evoked Electrical Activity. Local after-discharges evoked in the temporal 
lobe of a patient by bipolar electrical stimulation of three pairs of adjacent 
contacts of one array of electrodes are shown in Fig. 1 (square unidi- 
rectional pulses 100 c./sec., 0.5 msec. of pulse duration, 8 V.). In each case 
stimulation of contacts spaced 8 mm. apart evoked different patterns of 
after-discharge. The shaping up of the activity probably depended upon 
local functional factors and also upon neuronal connections which may be 
considered a part of the functional characteristics of the area. The interesting 
fact is that different areas exhibited different types of evoked after-dis- 
charges and this may be important in the identification of cerebral structures. 
In addition, the problem is closely connected with basic problems of epilepsy 
and deserves further investigation. Existence of different seizure patterns in 
areas with anatomical proximity and reliability of each pattern through 
periods of months have been repeatedly demonstrated in monkey experi- 
mentation. 

Action of Drugs. In previous studies‘ in unanesthetized monkeys with 
intracerbral electrodes we developed a battery of tests to analyze the possible 
site of action of drugs that affect the central nervous system. Local elec- 
trical activity, thresholds for minimal motor responses, thresholds for 
local convulsive effects, recovery time of convulsive capacity and thresholds 
for after-discharges could be modified specifically in different cerebral struc- 
tures by several drugs; 14 per cent CO», for example, had a minor action on 
the precentral gyrus while it increased 640 per cent the threshold for elec- 
trical after-discharge in the amygdaloid nucleus. Trimethadione did not 
affect the thresholds in the amygdala but increased them considerably in 
the thalamus and precentral gyrus. ; 

The same cerebral area might respond specifically to different tests. 
For example, in one point of area 4 parenteral administration of dipheny!- 
hydantoin did not modify the threshold for minimal motor activity but in- 
creased the threshold for motor convulsive activity. 

The use of implanted electrodes thus permits the study of site of acti 
of drugs and also of the problem in reverse, which is the identification 
cerebral areas by their functional characteristics. Stereotaxic techniques are 
still in the process of being developed and more knowledge of the physiology 
of the brain is needed, but we may expect in the future that the combination 
of the different types of exploration described in this paper might leac' to 
functional identification of many cerebral areas, 
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DISCUSSION 


Dr. Batter: Now, symposia have the advantage of giving the audience a general over- 
sight of the extent of the problem and also of some of the possibilities for solutions up to date. 
Such a symposium is also very frustrating for the participants because no one of them, except 
by the indulgence of the Chairman, has time to develop his subject as he wishes. Since 
symposia are organized after this fashion and the Chairman has to exercise more or less 
arbitrary control over them, we have been able, however, to preserve enough time, since I 
understand that this symposium is supposed to run until twelve o’clock, for a bit of discussion 
which will be begun by Dr. David Cleveland of Milwaukee. 


Dr. Davin CLEeveLAND: After listening to the presentations this morning, I have enough 
questions to carry us on until three o’clock, I am sure. However, I shall avoid that and limit 
my remarks to a relatively few. 

First, however, we should give credit to Drs. S. W. Ransom and Loyal Davis for reviving 
the Horsley-Clarke apparatus in the early thirties. It was with them that I did my first work 
in stereotaxic surgery, making lesions in the paraventricular nuclei and in the hypothalamus. 
Dr. Ingraham and Dr. Magoun pioneered in a physiologic experimental manner with the 
Horsley-Clarke stereotaxic apparatus, and we have all benefited by their experiences. 

Dr. Bailey has described—and rightly so—the need for functional and physiologic testing 
with the stereotaxic apparatus in humans, as well as in animals. 

I might say that from 1936 until 1943, I carried out a series of experiments in the basal 
ganglion, using the Horsley-Clarke apparatus in monkeys and in cats. After many, many ex- 
periments over these years, I obtained information which I felt was relatively valueless. I 
had nothing new to offer, nothing to publish. Since we have been doing work on Parkinson’s 
disease, as many of us have been forced to some extent, we have operated on 36 patients and 
the majority of these patients have had physiologic testing by stimulation before injection. 
Our results so far have been on the negative side. We have not been able to tell by stimulation 
tests when our needles or cannulas are in the area of the basal ganglion, or the globus pallidus 
in particular. We are warned, however, when the needle or cannula is in the internal capsule. 

Dr. Wycis’ talk on the use of the stereotaxic apparatus in the convulsive disorders is 
indeed interesting. I have one question. Has he ever seen convulsive disorders in Parkinson 
patients or in epileptics who had Parkinson’s disease and, if so, what has been his experience 
with doing a chemopallidectomy in such a case? 

We owe a great deal of credit to Dr. Cooper for stimulating interest in this disease. Much 
has been done before him, of course. Dr. Meyers is one of the pioneers whose work stimulated 
interest in this field. But Cooper certainly has brought it into the public eye and created a 
need, or at least a demand for this type of work. I think his studies have been excellent 

In our laboratory we have tried to demonstrate the anatomical landmarks of the g!obus 
pallidus. Our findings agree with Dr. Cooper’s quite closely. We have found that the medial 
globus pallidus is about 1.2 cm. wide and 1.4 cm. long in its greatest dimensions. I /iave 
noted in the various films and slides shown today that there seems to be quite a variation 
between the location of the needles in the globus pallidus. Some are ahead of the sell: and 
some behind the sella, some are above and some below. 

In our anatomic studies, we have found that the medial portion of the globus pa ‘idus 
lies approximately 15 to 17 mm. from the midline. With the needle at 10 mm. we have a ways 
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re ched the internal capsule. The anterior third of the globus pallidus lies at the posterior 
pc tion of the sella. The posterior portion of the globus pallidus lies approximately 9 mm. 
bc vind the dorsum of the sella. 

With those findings in mind, we have tried to define our landmarks accordingly. Dr. 
C. per has mentioned and shown that a line passing from just 1 cm. ahead of the external 
ac. ustie meatus at the zygoma, through the upper tip of the third ventricle to a point 8} to 
9 <n. lateral to the midline and } cm. behind the foramen of Monro will pass through the 
gk jus pallidus. This has been our experience also. 

Dr. Bertrand’s apparatus is indeed unique, and I am sure has a great deal of localizing 
va. ie. I wonder about the use of the core-removing snare. I worry about the ultimate danger 
of »roducing hemorrhage. He says he turns it part way, and then releases the snare before 
turing it again. 

The only experience I have had was with a snare leucotome. As I released the snare, I 
caught a vessel in the loop and pulled it out with the leucotome. Years ago I attempted to 
do « prefrontal lobotomy by that method and I have never used it since. I wonder if Dr. 
Bertrand has had any similar experience with it. I feel it carried potential danger. 

| also understand that he stays 15 mm. from the midline, passing his instrument straight 
down to the globus pallidus. I am sure that in doing this, i.e. staying that close to the midline, 
the cannula will pass through the lateral ventricle and increase the operative danger. Cer- 
tainly, a chemical pallidectomy should not be done in this way. I consider that Dr. Cooper’s 
54cm. lateral approach point is an excellent landmark to use. 

Regarding stereotaxic surgery, I have had no experience with the convulsive disorders, 
or other disorders mentioned, including intractable pain. Stereotaxic surgery, except for gross 
structures, should be limited to the university hospital or the hospital where meticulous 
control and technique can be developed. It should not be used where it cannot be controlled 
scientifically. For the average individual, stereotaxic surgery should be used toward the de- 
struction of gross structures rather than the making of accurate small localized lesions. 

We have devised a simple instrument for making lesions in the globus pallidus which is 
based on the same principle as most of the others, including Dr. Cooper’s. It enables the 
making of a gross lesion in the globus pallidus by a simple means. 

[Slide] This is the instrument which after a 30 to 40 ce. pneumoencephalogram has been 
performed, either by the cisternal or lumbar route, and the anterior horns, foramen of Monro 
and third ventricle have been visualized radiologically, is attached to the skull at points A 
and B and fixed at C. Point A, in the skull, should lie 1 em. in front of the acoustic meatus 
at the level of the zygoma. Point B should lie 8 to 9 em. lateral to the midline, so that in the 
anteroposterior view of the skull, a line passing from Point A to Point B would pass through 
the upper tip of the third ventricle. Point B should be placed in a plane 14 to 16 cm. posterior 
to the nasion, depending upon the size of the skull. A wire passing across the scalp, from A to 
B, should lie or be visualized in a direct lateral roentgenogram, } cm. behind or posterior 
to the foramen of Monro. Point B should be moved anteriorly or posteriorly to the point 
where the plane AB will lie } cm. behind the foramen of Monro. 

These landmarks have been carefully defined by Cooper and verified by others. The axis 
extending from A to B in the above plane will invariably pass through the center of the medial 
globus pallidus. Following the determination of plane AB, a burr hole is placed in this plane 
53 to 6 cm. lateral to the midline on the point A side. The dura mater is opened sufficiently to 
allow the insertion of a suitable cannula or coagulation needle. The instrument is then fixed 
at points A, B and C, as illustrated. [Slide] The transverse wire D is attached to the instru- 
ment at A and B, so that it represents axis AB projected out of the skull. The cannula guide 
E, with its pointing wire F, is then attached to the guide with the external wire pointing to- 
ward the inner canthus of the eye. The cannula will always go in the same direction as the 
pointer in the exact plane of axis AB. When F is pointed from the dural opening to the internal 
canthus of the eye, the cannula will pass directly through the dural opening to axis AB to 
a point 2 em. lateral to the midline or in the center of the medial globus pallidus. The distance 
that the cannula should be inserted to reach axis AB can be determined by measuring the dis- 
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tance from the upright wire on F to the transverse wire D. In this way, the entire measu 
ments can be made accurately, external to the skull, without guesswork or trial. The positi 
and localization of the cannula are verified by roentgen ray and then the cannula is fixed 
the paracranial tissue by chromic 000 sutures, and to the skin by silk or cotton sutures. 7 
cannula guide is then moved from the cannula by elevating the holding plate H and slidi 
the guide away from the cannula. The guide, itself, is then moved from the skull. When tie 
guide is fixed at A and B, axis AB remains constant regardless of the rotation of the guide 
AB. Any point on axis AB can thus be reached in the same manner as a spoke of a whive 
always reaching the hub. 

A large number of our patients with Parkinson’s disease are complete charity patients, 
and because the Cooper balloon cannula, which is superior to others, is expensive, we have 
used a simple polythene tube over a stylette in the same manner as the Cooper cannula. 

The technique of injection has been adequately described, but in brief it is that of injection 
of 2/10 ce. of novocain, to determine the physiologic effects following the slow injection of a 
small amount of alcohol and Hypaque, 1/10 ce. in 5 min.; 4/10 ce. being the most injected 
at one sitting. 

The guide can be used in a similar manner for either electric coagulation or coring, if pre- 
ferred to alcohol injection. 

In summary, I believe that we have a good method. Stereotaxic surgery has a definite 
place in our neurosurgical armamentarium, but the more complicated type of stereotaxic 
surgery, requiring more complicated instruments, will for some time have to be limited to 
centers where they can be handled and evaluated properly. We should all be cautious in 
doing this work and not do it blindly without experience or study. 


Dr. Russett Meyers: Taken in the aggregate, the papers we have been privileged to 
hear at this symposium provide a cogent summary of observations and inferences relative to 
stereotaxy as currently applied to problems in human neurology. The authors have dealt 
ably with matters of basic as well as clinical scientific interest and have succeeded in bringing 
us up to date in respect of a technical agent that has been usefully employed by neuro- 
anatomists and physiologists for over a quarter of a century and which, it seems safe to say, 
is destined to become within the foreseeable future an integral agent of neurosurgery. If any 
doubts as to the potential uses of stereotaxy in human problems have existed up to now, 
this morning’s symposium must surely have dispelled them. A start—a commendable start— 
has been made; it now remains for us to exploit this agency to the fullest possible advantage 
of our patients. 

I. At this point we might pause to consider some of the more extended meanings and 
implications of the papers just offered. In this connection, I venture to delineate certain 
IDEALS that might advantageously be adopted in respect of stereotactic procedures at large, 
regardless of whether employed principally for basic research in neuroanatomy, physiology 
and pathology or for the amelioration of human suffering. Ideally, then, the use of stereotaxy 
should entail: 

1. No mortality. This item requires little elaboration except to say that an obvious excep- 
tion prevails where stereotaxy is used in animal experiments expressly concerned with inquiry 
into the mechanisms of death itself. 

2. No morbidity. The stereotactic agent should produce no neural behavioral deficit, overt 
or covert, beyond that deliberately planned by the operator. In particular, as used in clinical 
neurological problems, patients should not be expected to exchange one neurological deficit 
for another, even when the stereotactically induced deficit (e.g., a spastic hemiparesis) is 
manifestly preferable to the pre-existing deficit (e.g., a severe hemitremor). 

3. No inadvertent damage to tissues disposed along the path of the physical agent; or 
neighboring upon or lying remotely away from the structure and/or the projections that 
engage chief attention. It is especially desirable that the stereotactic agent should spare all 
blood vessels that happen to traverse the path followed by the penetrating instrument and 





ling 
the 
Pe on 


hi el 


nts, 


lave 


‘tion 
of a 
cted 


pre- 


inite 
taxic 
~d to 
us in 


ed to 
ve to 
dealt 
nging 
euro- 
) Say, 
f any 
now, 
art— 
ntage 


's and 
ertain 
large, 
iology 
-otaxy 


excep- 
nquiry 


: overt 
slinical 
deficit 


esis) 1S 


ent; or 
is that 
yare all 
nt and 


DISCUSSION 277 


those that course through the site of intended lesion, destined to irrigate structures lying at 
some distance beyond the lesion. It should be remarked that in the recent history of neuro- 
an.itomy and physiology, the unwitting production of damage of this sort has often equivo- 
ca ed the interpretation of “function” and gravely compromised therapeutic results. 

1. Precise placement. The stereotactic technic employed should enable the operator to 
bring the effective tip of the pick-up or coagulating electrode (or hollow needle or catheter) 
directly into the intended neural structure on the first pass, one hundred per cent of the time. 

5. Controlled extension of lesion. Once the tip of the physical agent has been brought to rest 
at ‘he intended site, the stereotactic device should permit the operator expeditiously to 
prc luce a lesion of any predetermined polyhedral figure having any prescribed axial orienta- 
tion. 

}. Selective discrimination among structures. The measures employed up to now for pro- 
ducing stereotactic lesions have, for the most part, entailed relatively crude agents which can 
bes: be characterized as non-discriminating. Thus, mechanical leucotomes and rotating 
snares, aspirators, electrocautery and chemical solvents commonly injure all tissues—neuro- 
cytes, myelinated and unmyelinated nerve fibers, glia, neurophil, ground substance and blood 
vessels. It would obviously be advantageous to possess a stereotactic agent capable of selec- 
tive discrimination, not only among macroscopic and microscopic but also among submicro- 
scopic structures (e.g., cortex as contrasted with subjacent ““U” fibers; neural and glial tissues, 
with blood vessels; neurocytes, with nerve pathways; myelin, with axis cylinders; enzymes, 
with carbohydrate molecules; keratin molecules, with phospholipids, ete.). That the pursuit 
of this ideal is no science-fiction dream will be brought out in our later discussion of ultra- 
sonic stereotaxy. 

7. Unfailing achievement of the envisioned pathophysiologic or clinical therapeutic result. 

if. Admittedly, the seven ideals delineated above are high and, in the present circum- 
stances, quite beyond our ability to realize. Yet, if we are to improve our efforts continually, 
they appear to be no less than what we should be prepared to adopt. If we are dissatisfied 
with the present circumstances of our knowledge and therapeutic effectiveness in the neuro- 
logical realm (as I take generally to be the case), then improvement, if it is to be economically 
accomplished, entails the taking of certain deliberate steps. The first of these consists in 
specifying the desirable state of affairs. Here is where preset IDEALS prove most serviceable. 
The next step is to assay dispassionately the present state of affairs, identifying as completely 
as we can those respects in which we fall short of the envisioned aims. This then leads to a 
consideration of the likely reasons for our shortcomings. Next, we must cast about, in and 
beyond our repertoires, for possible solutions, adopt the most promising of them, even if 
tentatively, and contrive to implement them. Finally, we must develop a yardstick with 
which we can reliably measure whether we have moved from the present to the desirable state 
of affairs; and if so, by what route(s) and how far. Needless to say, our yardstick must be 
employed as free as possible from bias. 

III. It lies beyond the scope of this discussion to deal intensively with all the matters 
alluded to above. We should, however, take advantage of the moment to consider the limita- 
tions that conspicuously compromise our present efforts. 

It is clear in the first place that there are at least two necessary conditions of effective 
action. These consist in the possession of (a) a dependable stereotactic instrument and (b) reli- 
able “maps” or coordinates of the brain. We may pass lightly over the former as being a 
virtual fait accompli. It amounts, at least in principle, to a problem in three-dimensional 
space analysis, the solution of which lies easily within the capacities of geometers, trigo- 
nometers, engineering physicists and precision toolmakers. We do not lack for stereotactic 
instruments capable of meeting our severest demands for accuracy. 

It is the second of the mentioned necessary conditions—that of acquiring reliable brain 
coordinates—that poses a knotty problem. In general, our basic difficulty stems from the 
existence within any species of individual variations—a circumstance that has vexed neuro- 
anatomists and physiologists as it now troubles the neurosurgeon. 
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Several coordinate systems have been drawn up for cats and for monkeys since the fi ‘st 
such tridimensional maps were introduced by Horsley, Clarke and Henderson.* These di er 
among themselves in many particulars, so much, in some respects, as to be irreconcilab). if 
not frankly contradictory. It is apparent, of course, that their differences are dependent uj.on 
differences in the authors’ own abstractions, i.e., their ideas of the “common denominato:s” 
shared among the particular brains of the cats and monkeys they have studied as relatec' to 
those of cats and monkeys in general. This makes it understandable why, when an exp. ri- 
menter adopts a particular coordinate brain map for his purposes, he so often finds him elf 
afar from the mark. 

The method employed in the experimental laboratory to compensate for such disparities 
between “map” and “territory” as actually explored is to sacrifice the animal and imple- 
ment a histological check-up. Animals exhibiting “proper hits” are retained and failures are 
rejected or reserved as “controls.” 

Unfortunately, this method of sacrificing the subject and subjecting the brain to intensive 
histological check-up is not accessible to the clinician and is unlikely so to be until and unless 
our ethics undergo a radical change. In the instance of the human, then, our only recourse 
must be to the realm of therapeutic effect, i.e., to the observable degree of success and failure 
as related to some manifest neurologic disorder. Thus, in the case of hyperkinesia, the degree 
of success of the stereotactic procedure must be evaluated in terms of the degree of abolition 
of the abnormal movements. 

We must now inquire as to why the difficulties subtended by individual differences have 
been so persistent. The answer appears to reside in the fact that the brain coordinates intro- 
duced by Horsley and Clarke and followed in almost all experimental work since 1920 have 
been based upon reference points of the skull. The underlying principle has involved three 
spatial planes, mutually intersecting at right angles. One corresponds to Reid’s line, from the 
inferior orbital margin to the middle of the external meatus or some line parallel to this; a 
second to a line erected perpendicular to the first and passing through the middle of the 
external meatus (the interaural line); and a third corresponding to the midsagittal line. 

In 1948, Dr. Robert Hayne and I} exhibited a series of three separate coordinate systems 
for the human brain based upon our studies of 26 cadavers. One set of coordinates seemed ap- 
plicable to dolichocephalic, one to mesocephalic and one to brachycephalic shapes of head. 
We were at that time impressed with the unreliability of any one abstract formulation for 
the human and expressed the opinion that coordinates would eventually have to be prepared 
not only for each of the three principal anthropologic types of head, but for variations in size 
within these types. We suggested that these might be feasibly arrived at by developing mathe- 
matical factors for correction and actually used these factors on matrices to overcome the 
effects of fixation and shrinkage. 

Our early misgivings concerning the reliability of brain coordinates based upon skull 
landmarks was shared by other workers, including Drs. Spiegel and Wycis,t whose 1952 
atlas made use of the pineal shadow as the prime point of intersection of the three “zero” 
planes. More recently, the unpublished studies of Drs. Bailey, Amador and Blundell in 
Chicago have convincingly demonstrated the low degree of reliability that obtains when 
bony landmarks are employed and the uncertainty that attaches even to the use of arbi- 
trarily selected points in the human brain itself as “zero’”’ landmarks. 

These are formidable matters. The question now arises, is it in any way possible to get 
around such difficulties? One suggestion I should like to offer is that we agree henceforth to 

* CLarke, R. H. Investigation of the central nervous system. Methods and instruments. Johns 
Hopk. Hosp. Rep., 1920, special vol.: 1-162. 

Cuarke, R. H., and Henverson, E. E. Atlas of photographs of the frontal sections of the cranium 
and brain of the rhesus monkey (Macacus rhesus). Johns Hopk. Hosp. Rep., 1920, special vol.: 16-172. 

+ Meyers, R., and Hayne, R. Tridimensional analysis of deep and superficial structures =f the 
human brain. Trans. Amer. neurol. Ass., 1948, 175. 

t Sprecet, E. A., and Wycis, H. T. Stereoencephalotomy (thalamotomy and related proce: ures) 
Part I. Methods and stereotaxic atlas of the human brain. New York: Grune & Stratton, 1952, viii, } ‘6 pp. 
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atandon further attempts to use skull landmarks as the bases of human brain coordinates. 
T!.e non-correspondence of skull and brain appears by now to have been so convincingly es- 
tablished as virtually to doom further efforts along these lines. The alternative is to make 
couveniently demonstrable brain structures the points of reference from which coordinates 
in ‘he three spatial dimensions can be erected. But even this is not enough. We shall probably 
fi, | it inadvisable to employ any one set of zero planes based upon a single cerebral structure, 
such as the pineal shadow. It would seem to me more feasible to construct separate coordinate 
sy‘ems, depicting the cerebral structures clustering around certain arbitrarily adopted land- 
m: rks of the brain. Thus, we might make a series of maps of the minor variations of struc- 
tu es neighboring upon the posterior margin of the mid-portion of the anterior commissure, 
such as has been utilized by Drs. Sweet and Kjellberg. It should be possible by similar pro- 
cevulres to set up fairly reliable coordinates of the structures clustering about the fornix 
bo:dering upon the foramen of Monro; the posterior or habenular commissures; a tangent 
cuiting across the anterior margin of the pons and intersecting some other structure conveni- 
enily demonstrable by pneumoencephalography; and so on. 

With a general “target” furnished in this manner we should then need some device by 
means of which the bull’s eye within the more general target could be “hit.”” Such would 
involve a certain amount of trial and error, as explicated in the procedure described this 
morning by Dr. George Austin. Unfortunately, with the ordinary devices now at our com- 
maid, such trial and error would entail a good deal of local tissue damage. What we need, 
obviously, is some means of making a relatively harmless, reversible lesion. The use of procaine 
hydrochloride, as introduced by Narabayashi and Okuma,* was a move in this direction. 
Unfortunately, one cannot be sure of the limits that might be respected by injected agencies; 
nor could one be sure that a more enduring lesion, produced by a chemical solvent injected 
later, would necessarily follow the same pathways of diffusion as the procaine. 

iV. This brings us to a consideration of the use of ultrasonic beams in stereotactic work. 
I wish that my collaborator, Professor William Fry, physicist at the University of Illinois, 
were here to explicate the matters which he has been so instrumental in developing. In brief, 
however, an instrument capable of precise stereotactic control has been fashioned and em- 
ployed on well over 300 experimental animals, depending for the production of cerebral 
lesions upon the “phased” intersecting of four ultrasonic beams having a frequency of 
980,000 c./sec. delivered by two pairs of piezo-crystal transducers arranged at polar opposites. 
The brain appears not to be damaged along the lines of convergence or divergence of these 
beams. The tissues at the point of intersection are bombarded at an acoustic particle accelera- 
tion of 400 cm./sec. and the exposure period can be varied from one to several seconds. 
Any predetermined position, size and geometric form of lesion can be produced by such 
a device. The lesions are clear-cut and are attended by negligible damage to bordering tissues. 
By a proper arrangement of parameters it has been recently proved possible to produce 
a transient, reversible effect, for example, by “‘buzzing”’ the lateral geniculate body, to tem- 
porarily abolish “photic driving” of the occipital electroencephalographic recordings. The 
transient effect having in this way established the correctness (or incorrectness) of the target 
“hit,” it can be followed by ultrasonic parameters such as to produce an enduring effect. 

The chief limitation of this modality inheres in our knowledge of the physiology of the 
structures selected for “buzzing.” For example, we have a useful yardstick for the geniculate 
bodies, motor nuclei, etc., but lack such for the other structures, such as the mammillothal- 
amic tract, which have been precisely interrupted by ultrasound in the experimental animal. 

Ultrasonic beams exhibit the desirable property of selective discrimination. Curiously 
enough, the most susceptible intracerebral structures appear to be the myelin sheaths, after 
which, in order of susceptibility, come the axis cylinders, neurocytes and, lastly, blood vessels. 


* NaraBayasul, H., and Oxuma, T. Some contemplations on the role of the glebus pallidus in 
parkinsonism. Brain & Nerve (Tokyo), 1954, 6: 157-161. 

NaraBaYasul, H., Oxuma, T., and Suixrsa, S. Procaine oil blocking of the globus pallidus. Arch. 
Neurol. Psychiat., Chicago, 1956, 75: 36-48. 
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Whether further critical discriminations can be produced by ultrasonic beams remains for 
to explore. 

During the past two and one-half years Professor Fry and his staff at the Univers: y 
of Illinois and the Neurosurgical Division at the University of Iowa have collaborated | 
building an ultrasonic apparatus adaptable to human use. This is now in the final stages of 
assembly. Our immediate intentions are to deal with two major areas of clinical interest: 
the hyperkinetic-dystonic disorders and the problems of intractable pain posed by post! 
petic neuritis, phantom-limb pain, Déjerine’s thalamic syndrome and causalgia. 

We have recently designed an ultrasonic scanning device by which it is hoped we nay 
be able to search safely within a general target, say, the paleostriatum, to find the bull’s eve, 
say, the ansa lenticularis. The possibility, already realized in animals, of making reversible 
lesions, the effects of which will pass off in 5 to 10 minutes while the patient is being observed, 
will, it is hoped, enhance our efforts. Once the critical site has been identified in this way, it 
will be a relatively simple matter to change the parameters and buzz the site for the produc- 
tion of an enduring lesion. It should be possible for us to report on the first human cases at 
the next meeting of this society. 


Dr. J. LAawrENcE Poot: Because of the importance and comparative novelty of pallidal 
surgery, we should like to contribute our modest experiences and then ask a question. 

We too have been using the leucotome method although we do the entire procedure, in- 
cluding air studies, at one stage under local anesthesia, and use Polaroid film to speed radi- 
ological localization. Like Dr. Bertrand, we have also found that a 2 to 3 mm. advance of the 
instrument may sometimes be necessary to achieve any relief of tremor or rigidity. 

Of 28 operations on 19 patients, 10 were leucotome procedures, 9 ligations of the anterior 
chorioidal artery, 6 electrocoagulations (including 2 by the Guiot approach), and 3 chemo- 
pallidectomies. There were 14 cases of Parkinson’s disease. 

Marked relief of tremor and/or rigidity followed 13 operations in 10 patients and some 
improvement in 4. Thus the rating of operative improvement was 61 per cent and of case 
improvement, 74 per cent. Only 1 of 4 reoperations on the same side led to improvement. 
Marked bilateral relief of tremor and/or rigidity, however, occurred in 3 of the 4 patients 
who had a two-stage bilateral procedure. The fourth patient died. Two postoperative deaths 
have led to an operative mortality of 7 per cent and a case mortality of 10 per cent. Both were 
poor-risk patients; only 1 followed use of the leucotome. 

Approximately 50 per cent of those patients who were improved as to tremor and rigidity, 
however, showed little or no postoperative gain in general ability because of continued 
poverty of volitional activity. Some of these were patients who were hypokinetic or retarded 
in the initiation of thought, speech and action prior to pallidal surgery; others suffered from 
a rapidly progressive disease process. We feel that such patients are victims of widespread 
cerebral pathology, as indicated by clinical and psychometric studies, pneumoencephalogra- 
phy, and the gross pathological appearance of the brain at operation. 

However, in 2 other such patients having no significant relief of tremor or rigidity, 
pallidal surgery led to distinct lasting psychological improvement. 

May we ask Dr. Bertrand and other speakers if they have noted a similar dissociation of 
postoperative effects suggesting that dyskinesia, hypo- or bradykinesia, and psychological 
state may be separate components of the advanced Parkinsonian syndrome, each subserved 
perhaps by a different pattern of pathological and physiological disturbance? These are 
obviously important considerations both as to research and the selection of patients. 


Dr. Batter: It may be that some of the patients are unable to pay $20 for a catlieter, 
but everybody knows that any neurosurgeron can easily buy a $55,000 instrument. Still, 
even the neurosurgeon, I think, wouldn’t object to having the price of these instruments 
brought down somewhat. 

There is nothing I like so much as a good free-for-all and I wish it were possible to con- 
tinue this discussion. Unfortunately (and I did not make the arrangements), luncheo: will 
be served in this room and it is necessary that we evacuate it immediately. 
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‘AROTID LIGATION FOR INTRACRANIAL ANEURYSM 
A FOLLOW-UP STUDY OF 54 PATIENTS* 
W. G. HARDY, M.D., L. M. THOMAS, M.D., J. E. WEBSTER, M.D., 
anp E. S. GURDJIAN, M.D. 
Weyne State University Neurosurgical Service, Grace Hospital and Detroit Memorial Hospital, 


Detroit, Michigan 


(Received for publication May 13, 1957) 


@ METHOD of treatment for intracranial aneurysms is ligation of the 
f carotid artery in the neck. This appears to be effective when the 
aneurysm is situated on the internal carotid artery itself, but is of 
less certain value when the aneurysm is situated on the circle of Willis or one 
of its distal branches.? Black and German,! from their study of the hemo- 
dynamic stresses operating upon an aneurysm do not advocate ligation in 
the neck for aneurysms other than those of the carotid. It is stated that 
aneurysms arising at the junction of the internal carotid and posterior com- 
municating arteries may be effectively treated by ligation of the carotid 
artery.4 In a review of the literature by Rowe et al.* comparing results of 
direct attack with results of carotid ligation, it is concluded that ligation in 
the neck carries a much lower immediate mortality than intracranial attack 
but may permit a higher late mortality from recurrent hemorrhage. Long- 
term follow-up of a large series of patients in whom definite operations have 
been performed on arterial aneurysms, has not been reported and it is 
difficult to judge the efficacy of these procedures at the present time. The 
time of ligation of the carotid or direct attack on the aneurysm is important 
in the results obtained. In about 40 per cent of fatal cases of ruptured aneu- 
rysms, death occurred in the first 36 hours after rupture. It should be pointed 
out that in a few of this group there had been second and third hemorrhages. 
The purpose of this paper is to report a 1- to 13-year follow-up study of 
53 cases of intracranial aneurysm treated by ligation of the carotid artery in 
the neck, and 1 case of aneurysm of the internal carotid in the neck which 
was excised. In these 54 instances carotid ligation was a primary procedure 
and was not the result of a hemorrhagic complication occurring during an 
intracranial operation. 


MATERIAL 


The aneurysms were diagnosed by angiography in every instance. The 
percutaneous technique of angiography under general anesthesia was used 
most frequently. Experience indicates that both carotid and basilar artery 
distributions should be visualized to rule out multiplicity of aneurysms and 
to check the adequacy of collateral circulation. Angiography was performed 


* Presented at the meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
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as soon as possible after the patient’s admission to the hospital, unless tre 
patient was moribund. Daily digital compression of the carotid artery to 5e 
ligated was done, gradually increasing the time of compression to 10 min- 
utes. This gave information concerning the adequacy of the cerebral circu'a- 
tion as well as the presence of an irritable carotid sinus.* Electroencepha'o- 
graphic-electrocardiographic compression tests showed 3 patients to have 
sensitive carotid sinuses and bradycardia with syncope. The reflex was 
abolished with atropine and ligation was carried out without complication. 
In 1 patient numbness and weakness of the opposite extremity developed 
during the first 2 minutes of carotid compression and only a partial carotid 
ligation with fascia lata was performed. A previous publication® discusses 
further the significance of carotid compression prior to ligation of the ca- 
rotid artery. 

The ligation of the common carotid artery is done with local anesthesia 
to allow early detection of any paralysis that may ensue. The proximal 
carotid artery and the carotid bifurcation are exposed to permit the intro- 
duction of a No. 15 needle, through which a No. 100 polyethylene tube is 
inserted into the internal carotid artery. The needle is withdrawn, leaving 
the catheter in place. The tube is connected to a strain gauge and a Sanborn 
recorder is used to record the pressure before, during and after occlusion 
of the common carotid artery with a vascular clamp. Pressure is recorded 
for 1 to 2 hours while the patient is watched for complications. There was 
never any need to remove the clamp because of complications during this 
initial period. The clamp is then removed and two }-inch umbilical tapes 
are tied around the common carotid artery, 1 to 2 inches below the bifurca- 
tion and } to 3 inch apart. The ends of the tapes are sutured with silk to 
prevent them becoming untied and to insure permanent ligation in continu- 
ity. In 27 cases the internal carotid artery pressure was recorded before and 
after ligation (‘Table 1). In most cases a Tycos sphygmomanometer was used. 
It was attached over an air trap to a water column which communicated 
with the artery through an 18-gauge needle. In 8 instances the pressure was 
recorded by the Sanborn recorder continuously for 1 to 2 hours after occlu- 
sion of the artery. No correlation was noted between the level of the post- 
ligation pressure and the complications. 

Of the 54 patients, 32 were females and 22 were males, most commonly 
in the 5th decade. Ages varied from 23 to 73 years (Table 2). 

Table 3 shows the location of the 54 aneurysms. Multiple aneurysms 
were found in 10 patients, with 5 of these bilateral. Most were found upon 
repeated angiography, but 1 was found at autopsy. Of the 54 aneurysms, 30 
were on the right side and 24 were on the left side. 

The interval between onset of patient’s symptoms and time of ligation is 
important. Many who survive the initial hemorrhage have recurrent he:or- 
rhage 3 to 4 weeks later. In this series some were suffering from their second 
or third attack of hemorrhage (Table 4). 

Five patients had partial ligation with fascia lata prior to the present 
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CAROTID LIGATION FOR INTRACRANIAL ANEURYSM 
TABLE 1 


Internal carotid artery pressure readings before and after ligation 
of common carotid artery 








zed 20-29 Aged 30-39 Aged 40-49 Aged 50-59 Aged 60-69 Aged 70-79 
\Im. Hg Mm. Hg Mm. Hg ___Mn. Hg Mm. Hg _ Mm. Hg — 
Before After Before After Before After 


ire After “Before After Before After 














64 110 80 124 36* 84 36 

100 
96 
98 

110 
80 
62 

164 
96 

112 
? 





* Cerebral complications. 


technique of managing these cases. In 1 case, angiography 11 months after 
partial ligation revealed the aneurysm of the right internal carotid artery 
to fill, and the carotid artery was patent and not thrombosed. Complete 
ligation was then carried out. Three years and 9 months later, angiography 
on this patient revealed in addition 2 aneurysms on the right anterior cere- 
bral artery, which had not been visualized previously. In only 1 patient was 
the artery partially occluded with a Selverstone clamp. Five days later, the 
artery was found to be totally occluded by the clamp and permanent liga- 
tion was performed. The majority of patients received complete ligation by 
tying the common carotid doubly in continuity. A few patients had only 
one tie placed around the carotid artery. There is evidence that ligating the 
carotid with one tape is not sufficient, for the tie may loosen and become 
untied. Hence, double ligation is advocated. The aneurysm of the internal 
carotid artery in the neck was totally excised with ligation of the right 


TABLE 2 


Age and sex of patients who had carotid ligation for aneurysm 


Decade White Male Colored Male White Female pois 


20-29 
30-39 
40-49 
50-59 
60-69 
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TABLE 3 


Location of aneurysms 





Internal carotid 
Middle cerebral 
Anterior communicating 
Anterior cerebral 
Posterior communicating 
Posterior cerebral 

Total 





common carotid and internal carotid arteries. 

Three patients were trephined before ligation because of suspected sub- 
dural hematoma. One was positive. Two patients had craniotomy. One was 
for subdural hematoma before ligation. The aneurysm could not be secured. 
The other craniotomy was done 11 days after recurrent hemorrhage and an 
aneurysm of the middle cerebral artery was excised. 

Four patients became paralyzed following ligation of the carotid artery 
(Table 5). A 48-year-old white female had paradoxical hemiparesis 4 hours 
after ligation. She recovered in 2 days. The aneurysm was on the left anterior 
cerebral artery. 

A 45-year-old colored female had a left hemiparesis 24 hours after liga- 
tion. She has partially recovered. The aneurysm was on the right posterior 
communicating artery. 

A 60-year-old colored female had right hemiparesis and aphasia 48 hours 
after ligation of the left common carotid artery. She recovered in 10 days. 
There were bilateral aneurysms of the internal carotid artery. The left- 
sided lesion was thought to have ruptured. 

A 25-year-old colored male had right hemiparesis and aphasia 24 hours 
after ligation of the left carotid artery for an aneurysm of the left anterior 
communicating artery. He has had partial recovery. 

Four patients had recurrent hemorrhage following ligation. Three are 
dead. One 28-year-old white male had an aneurysm of the left middle cere- 


TABLE 4 


Interval between onset of symptoms and ligation 


54 patients with aneurysms 
(Multiple 10, Bilateral 5) 





1 week or less Second attack in 3 All hemorrhaged 

1 to 2 weeks Second attack in 3 No hemorrhage in 2 
2 to 3 weeks Second attack in 1 No hemorrhage in 2 
1 month Second attack in 2 No hemorrhage in 3 
2 months 5 Second attack in 0 No hemorrhage in 2 
6 months Third attack in 1 No hemorrhage in 2 





Total f Multiple attacks 10 No hemorrhage in 11 
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CAROTID LIGATION FOR INTRACRANIAL ANEURYSM 
TABLE 5 


Complications from carotid ligation 


Time of 
Onset 


Result 


Complications 

Paradoxical hemiparesis Recovery 2 days 
Left anterior cerebral artery aneurysm 

Left hemiparesis 24 hrs. Partial recovery 
Right posterior communicating aneurysm 

Right hemiparesis, aphasia 48 hrs. Recovery 10 days 
Bilateral internal carotid aneurysms 

Right hemiparesis, aphasia 24 hrs. Partial recovery 
Left anterior communicating aneurysm 


bral artery. The ligation was done 11 days after the initial hemorrhage. 
Eleven days postoperatively, he had a second hemorrhage and right hemi- 
paresis developed. A craniotomy was done the following day and the aneu- 
rysin was excised. He had full recovery from the hemiparesis and returned 
to work. Eleven months later he had a Jacksonian seizure. Repeat angio- 
grams on the left side showed complete occlusion of the left middle cerebral 
artery and absence of the aneurysm. He has had no paralysis or aphasia. 
Carotid compression on either side does not produce syncope. The carotid 
artery, which was singly tied, is now patent and pulsating. 

Seven patients died following ligation of the carotid artery (Table 6). 
Three died of recurrent hemorrhage, which was proven at autopsy in 2 
“ases. Two patients died following the primary hemorrhage and were not 
aided by carotid ligation. Two died of causes unrelated to ligation or rupture 
of the aneurysms. 


FOLLOW-UP 
There were 24 patients who had focal signs from the beginning of their 
symptoms, plus 4 who became paralyzed following ligation (Table 7). Of 
these 28 patients, 3 are dead. Of the 25 living, the paralysis has improved 


TABLE 6 


Analysis of seven deaths 


Race 
Sex 


Time of Death Condition Site of Aneurysm 





WF 3rd day Moribund throughout Rt. internal carotid 

WM 6 months Moribund throughout Rt. anterior comm. 

WF 53 days Recurrent hemorrhage Rt. posterior comm. 
WF 1 year Recurrent hemorrhage Bilateral post. comm. 
WF 3 years/3 mos. Recurrent hemorrhage Lt. internal carotid & 
rt. anterior cerebral 

CF 9 days Adenocarcinoma pancreas Rt. internal carotid 

1 year Stabbed to death Lt. middle cerebral 
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TABLE 7 


Signs and symptoms in 54 patients with intracranial aneurysms 











Hemiparesis 28 Headaches, nausea, and nuchal 
Right 15 rigidity, without focal signs 
Left 13 

Loss of consciousness Aphasia 

Third nerve palsy Complete ophthalmoplegia 

Subarachnoid hemorrhage Paradoxical paralysis 





in 21 and not improved in 3. One is lost to follow-up. Of the 21 who improved, 
20 are working full time and 1 is working part time. The 3 who did not im- 
prove are not working, but are up and about in wheelchairs or with canes. 

There were 26 patients who had no hemiparesis, but 13 of these had 
ocular muscle palsies. Of these, 4 are dead. Of the 22 remaining alive, 1 was 
lost to follow-up. Of the 21 living patients, all had improvement of their 
symptoms and are all working full time. 

Recurrent symptoms since ligation have been mild and infrequent. Of 
the group that was initially paralyzed, 4 have intermittent headaches and 
blurred vision; 3 have headaches only. One has diplopia, 1 has had two 
seizures, and 2 have had headaches and tinnitus. Of the group that was not 
paralyzed, 5 have intermittent headaches, 3 have blurring of vision or 
diplopia, and 1 has tinnitus. 

The patients were followed by office visits and questionnaire. Ten pa- 
tients were followed up to 1 year; 21 were followed from 2 to 4 years, and 14 
were followed from 5 to 13 years (Table 8). There was no follow-up in 2 cases. 
One was followed for 2 years and then was lost. 

Ten patients had angiograms repeated 2 months to 6 years following liga- 
tion of the carotid artery for aneurysm. Two showed bilateral aneurysms, 
which had not been suspected before. One showed an arteriovenous mal- 
formation on the side opposite the aneurysm. There was cross filling of the 
anterior cerebral artery in 4 instances, but without visualization of the 
aneurysm. One angiogram showed occlusion of the middle cerebral artery 
after craniotomy and excision of the aneurysm. The aneurysm filled in 2 


TABLE 8 


Survival time in 54 patients following ligation for aneurysm 


Time Cases 





Up to 6 mos. 
1 year 
2 years 
3 years 


No follow up 
Deaths 
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tances. One was 11 months after partial ligation, and 1 was 3 years after 
manent ligation. 


CONCLUSIONS AND SUMMARY 


[t may be seen that 36 of these aneurysms were in the distribution of the 

ernal carotid and middle cerebral arteries. Seven were on the posterior 
municating and posterior cerebral arteries, and 11 were in the distribu- 
of the anterior cerebral artery. 

our of the 54 patients who received carotid ligation became paralyzed 

operatively. The aneurysms were located distal to the internal carotid 
of these cases and on the internal carotid artery in 1 case. 

Seven patients have died. Three died of recurrent hemorrhage following 
ligation. Two of these had aneurysms on the circle of Willis. The other had 
multiple lesions of the internal carotid and anterior cerebral artery. The 
patients with complication or repeated hemorrhage had aneurysms located 
predominantly distal to the internal carotid artery. 

\ll but 2 patients have been followed from 1 to 13 years. Forty-two pa- 
tients are working and 3 are unable to work. Recurrent symptoms since 
ligation have been mild and infrequent. 

Although this is a selected group of cases, it appears that carotid ligation 
in the neck is of value in the treatment of intracranial aneurysms, par- 
ticularly those of the internal carotid artery. 
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DISCUSSION 


Dr. Francts Murpuey: When Doctor Gurdjian asked me to discuss this paper, I told him 
anything I might say would certainly sound like a broken record to most of you because I 
have said it so many times and in so many places. 

I agree with practically everything that the authors have said and our figures parallel 
theirs. While it is true that aneurysms of the internal carotid and posterior communicating 
arteries respond better to cervical carotid ligation, our figures suggest that patients with 
aneurysms of the middle cerebral and anterior cerebral-anterior communicating group do 
almost as well following carotid ligation. The main difference is the increased number of 
hemiplegias following ligation in the anterior cerebral-anterior communicating group, a fact 
that should have been anticipated. 

As we have reviewed our cases over the years, it has become apparent there are three 
main causes of death following ligation. The first is incomplete ligation, which has already 
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been covered by the authors, but I would like to emphasize that I believe ligation shoul: be 
completed immediately, when possible, because of the risk of a hemorrhage when incomp!:te, 
A second common cause of death has been the difficulty in recognizing a bleeding aneurysin in 
cases of multiple aneurysms, resulting in ligation of a carotid artery for a nonbleeding a: .eu- 
rysm. I would like to take just a minute to review again how it is possible to disting ish 
arteriographically a bleeding from a nonbleeding aneurysm. When an aneurysm ruptures 
three things are usually apparent on the arteriogram: (1) spasm of adjacent vessels; (2) dis- 
placement of the adjacent vessels; and (3) daughter aneurysms. If one cannot see such evi- 
dence that an aneurysm has bled, it certainly should cause one to pause and consider repeating 
the arteriograms, including vertebral arteriograms, before proceeding with any type of treat- 
ment. The third common cause of death following ligation has been infarction of the hemis. 
phere. 

In our experience when a hemiplegia develops some time after ligation, if the hemiplegia 
occurs suddenly, it is usually the result of an embolus from a propagating clot. If it comes on 
gradually, it is usually from ischemia. In any event, it is our belief that as soon as there is 
evidence of a hemiparesis, the artery should be re-exposed immediately and aspirated with a 
large needle both above onl below the ligature. If there is evidence of a thrombus either 
above or below the ligature, the artery should be opened and flushed out from above and 
below. Occasionally one will be lucky enough to have the pressure across the circle of Willis 
blow an embolus out of the internal carotid. We have been so fortunate in 3 such cases. The 
circulation should then be re-established and the artery either occluded gradually by a clamp 
or the aneurysm attacked intracranially. On the other hand, if there is no clot in the artery 
and the hemiplegia has come on gradually, the ligature should, be removed without opening 
the artery and if recovery of function ensues, as it usually will, then gradual occlusion of the 
artery is indicated. 


Dr. Wiiu1am J. GerMAN: Most of the points that I am going to comment on have been 
covered in a paper summarizing our experiences on this subject by Sam Black and myself 
several years ago. 

In regard to the matter of ligation, our present practice is to depend upon clinical tests 
with the artery exposed and also the pressure responses as measured by direct intra-arterial 
pressure on testing. If the pressure fall is very great or if there is a clinical worsening when 
temporary occlusion of the artery is done, then something less than complete ligation is called 
for, in our opinion. 

Regarding the site of the ligation, the internal or common carotid artery, I would not 
make any statement that I think would carry any great authority, but our own tendency is to 
avoid ligation of the internal carotid in patients significantly over 40 years of age and in those 
in whom a paresis already exists. 

Concerning the type of ligation, plication or a full ligation; if the pressure readings or the 
clinical response indicate that a full ligation may not be well tolerated, then plication has been 
the procedure of choice in our hands. When ligation is done, we prefer to use a single braided- 
silk ligature placed over a fascial cuff. 

In Dr. Gurdjian’s paper, a comment was made concerning using two ligatures of umbilical 
tape. I would like to recite a somewhat amusing and fortunately nontragic experience we had 
with two ligatures. A resident put two ligatures on the common carotid and 2 or 3 days later 
mentioned the fact that there had been two put on. Apparently, he was impressed that i! one 
was good, two might be better. It seemed to be too late to change the situation. But over a 
period of months, a swelling developed in the neck of the patient. Finally a fistula appeared, 
and one day she presented us with two braided-silk ligatures still completely tied. 

Now, our present feeling about the use of ligation in the neck for aneurysms in general 
is that it may be only rarely indicated for other than the carotid aneurysms; that it may be 
contraindicated in the arteriovenous anomalies because of the tendency for the shunt «t the 
anomaly to sap the circulation. 

In relation to the anterior communicating aneurysms, there is at least a theoretic:! ad- 
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yar ‘age from the hydrodynamic standpoint to ligation in the neck, although I would not 
wis’ to be quoted as advising it. That theoretical advantage has to do with the abolition of the 
col! sion of the two systolic thrusts, something similar to what Colonel Stapp mentioned as 
the third derivative of motion. This thrust may have forces up to 500 mm. of mercury per 
seccid, and these coming from each side and colliding at the site of a communicating aneu- 
rystil. 
inally, I would like to make brief mention of late complications. In one patient 9 days 
afte’ ligation of the internal carotid artery—the patient 33 years old—contralateral hemi- 
ple; a developed. 

slide] The other was a patient who had a proven aneurysm of the internal carotid with 
an « teriovenous cavernous sinus fistula operated upon 20 years earlier, at that time aged 60. 
At (ne age of 80, evidence of a similar situation developed on the opposite side. A thrombus 
wit! in this latter large aneurysm extended into the internal carotid, occluding that structure 
wit!) a fatal result. The small calcified aneurysm was the one treated by ligation of the com- 
mor carotid 20 years earlier. 


x. J. E. Wesster: May I show three slides rather briefly to illustrate one aspect of this 
subject that has not been touched upon, and that is the rapid deaths occurring among patients 
with saccular aneurysms and in whom we have not had the opportunity to do carotid ligations. 

Slide] Here is material that was developed by Dr. Chason in Detroit, a neuropathologist, 
indicating the number of autopsies (2,786) and the number of ruptured (57) and unruptured 
(78) aneurysms that were found in this collection of material. 

\Slide] One notices here the site of the aneurysms and also the time of death in cases of 
ruptured aneurysm (57 cases). It is of note that within the first week some 42 of these patients 
died. If one waits until after the first week and then ligates the carotid, they do rather well. 
If the carotid were not ligated, one must consider how well they would also do. 

|Slide] It is of note that within the first day there were some 27 deaths. These patients 
represent an important challenge to the neurosurgeon to deal with this acute problem which 
threatens the life of these patients. 

I submit we must give our attention to controlling the pathophysiologic changes which 
are occurring in patients in the first day of rupture, particularly in the first week. Possibly by 
some of the newer techniques of hypothermic anesthesia and with the imagination and skill 
that the cardiac surgeons have and are using in their dramatic work, more patients with 
aneurysms can be salvaged. 

In answer to Dr. German’s comment concerning the use of two ligatures of umbilical tape, 
I may state that we have had no complications with this technique. 





THE MEDICAL CONTROL OF TIC DOULOUREUX 
PRELIMINARY REPORT ON THE EFFECT OF MEPHENESIN 
ON FACIAL PAIN* 

ROBERT B. KING, M.D.7+ 
Division of Neurological Surgery, Department of Surgery, Washington University 
School of Medicine, St. Louis, Missouri 


(Received for publication May 31, 1957) 


HE MEDICAL control of facial pain caused by tic douloureux has been 
difficult. Many forms of therapy have been used and ultimately aban- 
doned.!:?:4-7:8-4 Only stilbamidine,!®*!* vitamin B,:°""!"7 and Dilantin" 
have found a degree of continuing recognition. The present report describes 
observations made during a one-year period in which 41 consecutive patients 
with facial pain have been given mephenesin and in some instances mephen- 
esin plus Dilantin. Twenty-nine had tic douloureux; 5 had paroxysmal facial 
pain and organic disease of the central nervous system. Seven had atypical 
facial pain. 
BACKGROUND 
Mephenesin and Dilantin were chosen for clinical investigation on the 
basis of their influence on trigeminal nerve potentials in cats.° Observations 
on normal cats were compared with abnormal preparations.*:!° In the latter 
animals, overreaction to tactile facial stimulation was produced by altering 
the state of excitability in the region of the caudal portion of the nucleus 
of trigeminal spinal V. Chronic and acute abnormal preparations were in- 
vestigated and in each of these a centrifugally conducted evoked potential 
was demonstrated which was higher in amplitude and more prolonged than 
in control animals. This potential was evoked by touching the face with a 
mechanical wand or by stimulation of large A fibers. It was conducted from 
the region of the caudal portion of spinal V away from the brain stem over 
the sensory divisions of the trigeminal nerve and could be recorded from 
dorsal rootlets of C2. Marked overreaction to tactile facial stimulation de- 
veloped during a gradual increase in the amplitude and duration of this 
potential in acute abnormal preparations but disappeared when the potential 
was blocked by mechanical interruption of conducting pathways or by a 
number of drugs given intravenously in small doses. Mephenesin (Tol- 
serol®){ was one of the more effective preparations tested. Dipheny|hy- 
dantoin sodium (Dilantin®),{ although less effective, had a similar influence. 


* Read at the meeting of the Seciety of Neurological Surgeons, May 17, 1957 at St. Louis, Missouri 

+ Present address: State University of New York, Upstate Medical Center, Syracuse 10, New York. 

t The mephenesin used in this clinical study and in the experimental preparations was generously 
supplied by E. R. Squibb & Sons, New York, N. Y. 

Intravenous diphenylhydantoin sodium was supplied by Parke, Davis & Company, De'roit, 
Mich. 
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MEDICAL CONTROL OF TIC DOULOUREUX 


CASE MATERIAL 
Since February 1956, 41 consecutive patients with facial pain have been 
lied and are included in this preliminary report (Table 1). 
Group 1. Twenty-nine patients had trigeminal neuralgia. The essential 
ieria for the diagnosis of tic douloureux in these patients were: 1) par- 
smal pain of trigeminal distribution, 2) the presence of a demonstrable 
gger point,” and 3) no evident deficit on neurological examination 


TABLE 1 


Posterior 

Moderate Pots te ; 

Improve- _‘ Trigeminal 
ment Root Section 


No Pain Mild Pain Pain 





Group 1 
yuloureux 9 
21 patients) (48%) (10%) 


: douloureux & psychiatric care 3 
8 patients) q (37%) 


29 patients 





Group 2 
Paroxysmal facial pain & organic 
disease of CNS 
(5 patients) 





Group 3 
Atypical facial neuralgia 
(7 patients) 





The 41 patients observed in this study have been divided into 3 groups. Group 1 had tic douloureux 
and 8 patients in this group required psychiatric care. They have been placed in a subgroup for this 
reason; they reported less relief on medication than patients with tic douloureux and no psychiatric 
problem. Group 2 included 5 patients with organic disease of the central nervous system and paroxysmal 
facial pain. Group 3 included 8 patients with atypical facial pain. Further descriptions of the pattern of 
response to medication and the degree of control are outlined in the text. 

x=patients who had marked intolerance to Tolseram. 
-+-=patients who no longer are taking medication for the facial pain. 


(other than that compatible with residuals of previous surgical procedures 
on the trigeminal nerve). 

Ten of these patients reported abnormal painful sensations in addition 
to the lancinating paroxysmal pain characteristic of tic douloureux. These 
were described as “pricking,” “‘aching,” “soreness,” “drawing,” and “pull- 
ing” sensations persisting after a painful paroxysm for periods from a few 
seconds to many minutes. Eight of these 10 patients had severe anxiety and 
depression and were receiving psychiatric care. 

Twenty-one operations for trigeminal neuralgia had been performed on 
10 patients. They were relieved of pain for from 12 hours to many months. 
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One patient had 4 procedures. Two had 3. Two had 2, and 5 had 1. The ve 
were 5 posterior root sections (4 incomplete), 4 gangliolyses, 3 saline inj: c- 
tions into the gasserian ganglion via the foramen ovale, 3 alcohol blocks of 
the 3rd division, 3 alcohol blocks of the 2nd division, 3 infraorbital nerve 
avulsions, and 1 supraorbital nerve avulsion. 

Two patients had bilateral trigeminal neuralgia. In 1 pain developed in 
the 2nd and 3rd division on the left 5 years after a posterior root section on 
the right; a gangliolysis had been performed on the left 3 years before with 
relief of pain for 6 months. In the other patient bilateral pain (left 3rd divi- 
sion, right all divisions) developed 6 years after the onset of unilateral pain. 

Group 2. Five patients had paroxysmal facial pain associated with organic 
disease of the central nervous system. There was 1 patient with multiple 
sclerosis, 1 with Paget’s disease, and 1 with tabes dorsalis. One was inter- 
mittently confused and disoriented and had an “organic brain syndrome.” 
One patient had cerebrovascular disease with generalized cortical atrophy, 
an elevated cerebrospinal fluid protein, an intermittent extensor toe sign 
(left) and drop foot (right) with hyperactive deep tendon reflexes. A pneumo- 
encephalogram and carotid and vertebral angiograms showed no evidence of 
focal organic disease other than pronounced cortical atrophy and advanced 
arteriosclerosis of the major cerebral vessels. These patients, with demon- 
strable organic disease, have been grouped apart to avoid confusion in the 
diagnosis of trigeminal neuralgia. Four of them complained of pain which was 
similar to trigeminal neuralgia and had demonstrable trigger points. 

Group 3. Seven patients had distinctly atypical facial pain which was not 
paroxysmal or lancinating. Two had distinct intervals of pronounced wax- 
ing and waning in the intensity of their pain. None had trigger points. 

These 41 patients have as a rule been seen following referral by neuro- 
surgeons, neurologists or neuropsychiatrists, internists, dentists or oto- 
laryngologists. Roentgenographic examinations of the skull and temporo- 
mandibular joints were included in the workup of all patients. In all of the 
organic and atypical cases a lumbar puncture and studies of the cerebro- 
spinal fluid were obtained. One patient with neurological deficit also had a 
pneumoencephalogram and bilateral carotid and vertebral angiograms. 


METHOD 

Intravenous mephenesin was given to 12 patients with trigeminal neural- 
gia. In each instance medication was given slowly (20 to 40 mg./min.) until 
lateral nystagmus developed. Occasionally a patient described mild giddiness 
or dizziness for 5 to 15 minutes after the drug was given. The intravenous 
dose given in this fashion varied from 0.4 to 1.5 gm. The larger doses ‘vere 
given more slowly. 

After the drug was given there was a prompt and frequently a com))lete 
remission of pain. On some occasions it was possible to precipitate ‘uild 
paroxysms of pain immediately’after the intravenous medication by ma:sag- 
ing the trigger point. But as a rule moderate stimulation of active tri :ger 
points caused no pain. After an injection these patients remained essent ally 
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free from pain for 30 minutes to 14 hours. They were able to eat, wash and 
sh: ve in relative comfort. Pains gradually returned and increased in intensity 
an | frequency during the next 3 to 2 hours, but could again be relieved be- 
foc the next meal. 

In 2 patients alternate injections of mephenesin and saline were given 3 
tir..es a day before meals. Each of these patients had more than one hundred 
pa nful attacks a day and had eaten little solid food for more than a week. 
In cach instance the mephenesin stopped the pain for 30 to 45 minutes. The 

|.ne did not alter their attacks of pain. After 3 days they became exceed- 

'y anxious and agitated because there seemed to be no way for them to 
an icipate relief after their medication. They were unaware that saline was 
being given on alternate occasions. After this initial trial placebos were not 
used in this survey. 

Oral mephenesin was given in two forms. Tablets (Tolserol) in 4 cases 
gave transient and ineffective relief. The taste of the elixir of Tolserol was 
unpleasant and the volume required was large. The most satisfactory prepa- 
ration was a carbamic acid ester of mephenesin (Tolseram®).* In this form 
the mephenesin is more concentrated (1.0 gm./5 ec.) and blood levels remain 
elevated for longer intervals than after mephenesin (Tolserol).” 

A dosage schedule was developed gradually as more experience was 
gained. Patients have recently been started on mephenesin carbamate sus- 
pension, 1.0 gm. 5 times a day, increasing the dosage when necessary up to 
3.0 gm. 5 times a day. Occasionally an additional 1.0 gm. to 3.0 gm. has been 
taken during the night should the patient awake with pain. Intravenous 
mephenesin has been given 3 times a day before meals if a patient was hav- 
ing too much pain to eat during the first week on oral medication. Dilantin, 
gm. 0.09, has been given to those having unusually severe or frequent pains 
or unpleasant side effects from the larger doses of mephenesin. 

Unpleasant side effects were reported by 18 patients. Usually mild tran- 
sient dizziness or unsteadiness occurred only after the early morning dose 
taken on arising. These complaints were minimized by taking a glass of milk 
or orange juice on arising and tended to subside after the first few days of 
treatment. Four patients complained of a sensation of nausea. One vomited. 
Four patients had a history of duodenal or gastric ulcer but no exacerbation 
of their uleer symptoms developed on mephenesin therapy. 

Three patients noted a mild generalized macular erythematous rash 
after 1 to 3 months of medication which cleared in 1 despite continued treat- 
ment but persists to a mild degree in the other 2. 

One patient declined further medication because of nausea. She remains 
under psychiatric care and relatively free of pain which stopped while on 
mephenesin and Dilantin. She also received Miltown®{ and Thorazine®t{ 
both of which caused her to complain of severe nausea. 


* Generously supplied by E. R. Squibb & Sons, New York, N. Y. 
| Wallace Laboratories, New Brunswick, N. J. 
! Smith, Kline & French, Philadelphia, Pa. 
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Dilantin (gm. 0.09 t.i.d.) was given to 14 patients with paroxysmal fac 
pain. It was used in this study as an adjunct to mephenesin in an effort 
control remaining pain or persisting paroxysmal paresthesiae. In 10 instances 
there was occasion to discontinue the Dilantin after a period of several wee 
Four of these patients felt that the pain was less intense while taking mephc; 
esin plus Dilantin than when taking mephenesin alone. On one occasion a 
patient with severe pain was given intravenous Dilantin (50 mg.) and noted 
diminished pain for 30 minutes. 

The 7 patients with atypical facial pain were managed in a similar 
fashion. Intravenous mephenesin was given to 4 patients with atypical facial 
pain without relief. In only 1 instance was a degree of improvement evident. 
In this instance there were periods of intensified “gnawing” and “aching” 
in the left mandible. These sudden exacerbations were less frequent and less 
severe on mephenesin and he elected to resume taking the medicine after a 
trial period of 3 weeks without it. All of these patients were given enough 
medication to produce disquieting side effects. 


PATTERN OF IMPROVEMENT 


The pattern of response to this management was relatively uniform 
(Figs. 1 and 2). As a rule there was diminished intensity of pain following the 
first two or three doses of mephenesin. Within 24 hours there was major relief 
in a few patients. More commonly, however, the pain subsided in intensity 
over a period of 3 days to 3 weeks. During this interval the radiation of pain 
diminished and tended to remain longest in the region of the trigger point. In 
the well circumscribed area of a trigger point, pain gradually became less in- 
tense and was described as a “stitch,” “prick,” or “miniature pain.”’ The 
frequency of pains diminished more slowly over a period of a few days toa 
month. 

In 6 cases there was reduction in the intensity of the pain but a distinct 
increase in the number of pains each day, beginning on the 2nd or 3rd day. of 
treatment. These exacerbations lasted from 5 to 10 days. 

A number of unexpected observations were made during the period of 
improvement. Thirteen patients described painless paroxysmal paresthesiae 
in the same distribution as the tic pain, and concentrated near the trigger 
point. These were described as “‘twinges,” “‘crawlings,” “‘tokens,” “cau- 
tions,” “knocks,” “‘throbs,” “dull thuds,” “‘prickling,”’ “tingling,” “flicks,” 
“surges,” “‘clickings’”’ and were not similar in persistence or severity to the 
paresthesiae occurring after stilbamidine therapy or occasionally after sec- 
tion of the posterior root. On repeated questioning the patients insisted on 
the painless quality of these fleeting and localized sensations. This symptom 
gradually subsided with continued medication. 

Some of the patients came to consider these paroxysmal sensations as 
warnings of impending pain and, having decreased or discontinued tiieir 
medication, increased the dosage until the “tokens” subsided. 

Persistent paresthesiae (“crawling sensations,’ “gnawing,” “‘soreness,” 
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Fic. 1. The pattern of response in a patient 72 years old with frequent severe tic douloureux was 
recorded by asking the patient to mark on an hourly check sheet each pain during each 24-hour period. 
This patient had eaten little solid food for more than a week and gained complete freedom from pain 
for 40 minutes to 1} hours after each intravenous dose of mephenesin. Pain gradually subsided in in- 
tensity and later in frequency. Thirteen days after treatment was started he resumed chewing tobacco 
and eating soft foods without requiring intravenous mephenesin before meal time. “Tokens” occurred at 
first on the 10th day and have persisted periodically throughout the 12-month period of observation. The 
Dilantin was given to try to control these paroxysmal paresthesiae without success and was discontinued 
after 3 months. From time to time he has occasional mild pain which he reports on his weekly checkup. 
These have been frequently associated with periods of stress, and with minor adjustments in dosage of 
Tolseram have been readily controlled. 


“nettles,” “burning,” “pressure”’) have been described by 7 patients. These 
sensations have been mild and were easily tolerated except in 1 patient who 
complained rather bitterly of burning. They have lasted several weeks after 
the pain has been controlled and then have gradually subsided. 

Nine patients have complained spontaneously of ‘‘fullness,”’ “swelling,” 
“soreness,” and occasional redness in the region of the trigger point when 
the pain was subsiding. Objective evidence substantiating these complaints 
was apparent in 8 of these patients and was questionable in the ninth. 
These changes also subsided as the patients became free from pain. 

Four patients (1 organic), having been well controlled on oral medication 
for a number of weeks, had seven severe recurrences of facial pain. Each of 
these exacerbations was readily controlled by giving intravenous mephenesin 
either after hospitalization or on an outpatient basis. The patients then con- 


tinued on their oral medication at increased doses or with the addition of 
Dilantin. 
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Fic. 2. This 52-year-old patient had had a gangliolysis 3 years before with recurrence of pain 3 
months before treatment was begun. He kept a daily record of all painful attacks. On the 8th day there 
was a distinct increase in the number of attacks. This exacerbation lasted for 6 days but during this 
period there was a distinct change in the intensity of each attack. The pain became less and less severe. 
After taking mephenesin for 10 days he began to notice painless paroxysmal paresthesiae which he de- 
scribed as “surges” or “throbs.” These were usually precipitated by washing and persisted for 5 weeks 
despite increasing doses of medication. Medication was discontinued by the patient after 8 weeks during 
an upper respiratory infection. During the last 10 months he has had no major recurrence of pain al- 
though he has noted occasional “surges”’ or “throbs.”’ 


RESULTS 


All patients were followed at frequent intervals for appropriate changes 
in medication and examination. The 7 patients who had atypical facial pain 
were followed for trial periods up to 12 months. The remaining 34 patients 
have been followed for from 1 to 13 months (1 and 2 months—2 patients; 3 
and 4 months—8 patients; 5 and 6 months—3 patients; 7 and 8 months—4 
patients; 9 and 10 months—9 patients; 12 and 13 months—7 patients). 

The patients’ course was reviewed in March 1957 and summarized in 
Table 1. There were 29 with trigeminal neuralgia. Ten were free from pain. 
Twelve had mild pain at infrequent intervals but were content and said they 
could well manage the residual discomfort. Four had moderate pain. They 
were meeting their social and economic responsibilities with some difficulty 
but refused gangliolysis or section of the posterior root. One patient con- 
tinued on mephenesin plus Dilantin and denied substantial improvement. 
She refused to consider surgical intervention and continued under the care 
of her psychiatrist. 

Two patients with trigeminal neuralgia have required section of the 
posterior root because of continuing pain. One was an 85-year-old woman 
with mild glaucoma. She was unable to tolerate more than 1.0 gm. of 
mephenesin 5 times a day plus Dilantin, 0.09 gm. 3 times a day, over 1 9- 
month period. She continues to describe mild paroxysmal pain typical ©’ tic 





pain 3 
there 
g this 
evere. 
he de- 
weeks 
luring 
uin al- 


nges 
pain 
ients 
tts:/S 


1s —4 


ed in 
pain. 
they 
They 
culty 

con- 
nent. 
care 


f the 
oman 
m. of 
r i 9- 
o! tie 


MEDICAL CONTROL OF TIC DOULOUREUX 297 


do:.loureux plus a sensation of “maggots gnawing” in her scalp but has ob- 
taiied major if not complete relief. A 74-year-old patient with severe bi- 
lat-ral tic douloureux described between 50 and 70 per cent improvement 
of ver facial pain while receiving medication over a 12-month period. She 
wa; living 150 miles away and was disturbed by the side effect of dizziness 
las ing 15 minutes after 3.0 gm. of mephenesin. In March 1957 she had an 
exs cerbation of pain on the right side of her face and a partial section of the 
po» erior root was performed rather than continuing efforts to bring her pain 
un er complete control with medication. 

‘he 8 patients who were receiving psychiatric care for anxiety and de- 
pression have not reported as much relief as other patients. They have been 
she vn as a subgroup in Table 1 for this reason. 


COMMENTS 

(he characteristic feature of spontaneous remissions of trigeminal 
neuralgia makes evaluation of control by any method a tenuous venture. The 
patients who are now free from pain without medication would be judged as 
having entered a period of spontaneous remission, but as having obtained 
major benefit from the medication prior to this development. Each of these 
6 patients experienced frequent painless “tokens” after the pain stopped. 
Two attempted to stop medication in this period and experienced a return 
of pain within 48 hours. However, when they had been free of all paroxysmal 
sensations for from 3 to 8 weeks and then gradually diminished the medica- 
tion before stopping it pain did not recur. 

It is also apparent in any report such as this that patients who are 
followed for longer periods may not find lasting satisfactory relief. 

On the basis of these limited observations it would seem that Tolseram 
or Tolseram plus Dilantin may give major relief to a number of patients with 
trigeminal neuralgia but it would be presumptuous to predict how long this 
control will last. 

The pathophysiological phenomena associated with tic douloureux are 
not known. To conclude that this clinical experience indicates that the ex- 
perimental observations previously reported following studies of evoked 
trigeminal nerve potentials in cats may be immediately inferred for patients 
with trigeminal neuralgia would be unjustified. Direct recordings of evoked 
trigeminal nerve potentials in patients with and without tic douloureux 
must be compared with experimental records from animals before similar- 
ities between the two can be said to exist. Until convincing observations of 
physiological or anatomical abnormalities can be correlated with the clinical 
syndrome, the etiology and the mechanism of tic douloureux must be sub- 
jected to further investigation or remain the subject of conjecture. 


SUMMARY 


1. Experimental observations on cats prompted the administration of 
mephenesin or mephenesin carbamate and Dilantin to patients with trigemi- 
nal neuralgia. 
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2. The pattern of symptomatic relief following the use of these driigs 
was reasonably consistent. 

3. Of the patients with typical trigeminal neuralgia 86 per cent gaired 
satisfactory relief from their paroxysmal facial pain. In 1 patient moderate 
pain persisted but was sufficiently controlled to prompt him to refuse 
surgical intervention. Two patients gained moderate relief but required :ec- 
tion of the posterior root. Eight patients with trigeminal neuralgia «nd 
marked anxiety or depression did not improve on medication to the same 
degree as those not requiring psychiatric care. Half of this group with tic 
douloureux and psychiatric overlay gained major relief. 

Three patients with paroxysmal facial pain and organic disease of the 
central nervous system were improved. Two required section of the posterior 
root despite moderate improvement. 

Six out of 7 patients with atypical facial pain were not improved while 
taking large amounts of these drugs. The seventh was not relieved to a major 
degree. 


REFERENCES 


. Daviworr, L. M., and Fermine, E. H. Ferrous carbonate in the treatment of tic douloureux. 
Acta psychiat., Kbh., 1949, 24: 403-410. 

. Exxis, A. S. Apparent relief of trigeminal neuralgia with electric convulsion therapy: report of a 
case. Med. J. Aust., 1950, 2: 864-865. 

. Frexps, W. S., and Horr, H. E. Relief of pain in trigeminal neuralgia by crystalline vitamin By. 
Neurology, 1952, 2: 131-139. 

. Guaser, M.A. Treatment of trigeminal neuralgia with trichlorethylene. J. Amer. med. Ass., 1931, 
96: 916-920. 

. Hanes, W. J. Tic douloureux: treatment by the combined use of hydrochloric acid therapy and 
histamine desensitization. Amer. Practit., Philad., 1956, 7: 1641-1647. 

. Horton, C. E., and Brennan, A. J. Use of antihistamine drugs in the treatment for trigeminal 
neuralgia. J. Amer. med. Ass., 1948, 136: 870-872. 

. JANIGIAN, E. R. Report of three cases of trigeminal neuralgia apparently cured by electroshock 
therapy. Amer. J. Psychiat., 1949, 106: 148. 

. Kine, R. B., and Barnett, J. C. Studies of trigeminal nerve potentials. Overreaction to tactile 
facial stimulation in acute laboratory preparations. J. Neurosurg., 1957, 14: 617-627. 

. Kine, R. B., and Meacuer, J. N. Studies of trigeminal nerve potentials. J. Neurosurg., 1955, 12: 
393-402. 

. Kine, R. B., Meacuer, J. N., and Barnett, J.C. Studies of trigeminal nerve potentials in normal 
compared to abnormal experimental preparations. J. Neurosurg., 1956, 13: 176-183. 

. Levy, I. The use of vitamin B-12 in the symptomatic treatment of peripheral neuropathy. A pre- 
liminary report. Trans. Amer. neurol. Ass., 1950, 267-270. 

. Lonpon, I., and Port, R. B. Comparative plasma levels of mephenesin and its carbamic acid 
ester. Proc. Soc. exp. Biol., N. Y., 1957, 94: 191. 

. Ptessner. Ueber Trigeminuserkrankung infolge von Trichloriithylenvergiftung. Berl. klin. 
Wschr., 1916, 53: 25. 

. Ross, A. S., and Jacosson, B. M. Treatment of trigeminal neuralgia with vitamin B, (thiamine 
hydrochloride). Arch. Neurol. Psychiat., Chicago, 1940, 44: 1807-1311. 

. Smitu, G. W., and Mitter, J. M. The relief of tic douloureux with stilbamidine. Ann. ‘ntern. 
Med., 1953, 38: 335-338. 

. SPERLING, E., and Stenprer, A. “Tic douloureux’’ und Gesichtsschmerz. (Therapeutische und 
pathogenetische Betrachtungen.) Disch. Z. Nervenheilk., 1955, 173: 161-183. 

. Surtess, S. J., and Hueues, R. R. Treatment of trigeminal neuralgia with vitamin By. /.ncet, 
1954, 266: 439-441. 

. Woopuatt, B., and Opom, G. L. Stilbamidine isethionate therapy of tic douloureux. J. Neurvsurg., 
1955, 12: 495-500. 


— 


—— a a ee ae a ee ae a 


—=— — 





erior 


vhile 
1ajor 


ureux. 
rt of a 
in By. 
, 1931, 
yy and 
eminal 
oshock 
tactile 
55, 12: 
normal 
A pre- 
ic acid 
. klin. 
amine 

itern. 
he und 
Lancet, 


rUSUTg.s 
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satisfaction. I am certain that the percentage of truly grateful patients 

is as high, if not higher, in this group as in any other category in 
neurosurgery. It is not my purpose to argue methods of treatment, but 
merely to state that in my experience the standard Spiller-Frazier® opera- 
tion still gives excellent results if only patients with true trigeminal neuralgia 
of severity sufficient to justify surgery are operated upon. 

In the 10-year period from 1940 to 1941, and 1946 through 1953, I 
operated upon 127 patients with trigeminal neuralgia. By comparison with 
other surgeons (Table 1)!~*:7-*-5 this number is small, but the experience 
with this group has been large enough to permit me to develop definite ideas 
on the subject. Included in this group of 127 patients are 9 with bilateral 
trigeminal neuralgia, 8 of whom have come to operation, and it is this group 
that forms the basis for this report. 

Stookey” in 1955 gave an excellent review of this subject and reported 
in detail 4 cases of bilateral trigeminal neuralgia in which he performed 
operation. He used the standard transtemporal approach with excellent 
results. Prior to his report, only 1 case of bilateral transtemporal root section 
had been recounted in detail, the original case of Dr. Frazier; the second 
side was done in 1926 after a statement had been signed by the patient 
relieving the surgeon of responsibility for paralysis of mastication, the 
opposite motor root having been destroyed at the first operation in 1917. 
Olivecrona™ reported a single case, the patient having been operated upon 
previously by another surgeon with loss of motor root, and he sectioned the 
posterior root via the posterior fossa with complete relief of pain. Raney 
et al.4 reported 1 case of bilateral neuralgia treated by bilateral tractotomy 
with good results, but in cases reported by Olivecrona,’” Weinberger and 
Grant,!® and Walker,’ tractotomy on the second side was unsuccessful. 
Falconer* and Olivecrona! have reported satisfactory results in 3 cases of 
bilateral neuralgia treated by bilateral tractotomy, but Olivecrona” had 1 
unsuccessful case. There appears to be waning enthusiasm for tractotomy by 
most neurosurgeons. 

The occurrence of bilateral tic pain in 9 of 127 patients, an incidence of 
7.07 per cent, is higher than is usually reported (Table 1). Such a percentage 


r [i= treatment of trigeminal neuralgia has been, to me, a source of great 


* Originally presented at the meeting of the Society of Neurological Surgeons, St. Louis, Missouri, 
May 17, 1957. 
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TABLE 1 


Incidence of bilateral trigeminal neuralgia in various series reported 


+ T | ‘ 
Number of Number of Per Cent 


Patients with Patients with | of Patients 
Trigeminal \Bilateral Trigeminal! with Bilateral 
Neuralgia Neuralgia Neuralgia 


Number of 
Bilateral 
Operations 

| 17 

Frazier & Russell 754 -—- 
Peet & Schneider 689 d 5.8 ? 
Coleman, Meredith | 
& Troland 600 | | no details 
Horrax & Poppen 468 | | 4 
Cushing 332 | ? 
Davis & Naffziger | 245 ‘ 3.6 ? 
Olivecrona 60 | ‘ 
Stookey | — 


5—no details 


| 
| 
| 
| 
| 





serves to emphasize the importance of saving the motor root if this be possi- 
ble, for there is a distinct possibility that the disease may occur on the oppo- 
site side in a form severe enough to require surgical treatment. Eight of the 
group of 9 have been operated upon, but in the other patient pain has not 
been severe enough to necessitate active treatment. A brief review of the 
cases in which bilateral operation was performed brings out some interesting 
points. 
REPORT OF CASES 


Case 1. Mrs. M.E.A., aged 50, consulted Dr. Ernest Sachs in 1931 because of 
severe trigeminal neuralgia involving the areas of the 2nd and 3rd divisions on the 
right side. She had had attacks at intervals for 10 years, and for 2 months the pain 
had been so severe that her nutrition had suffered. A differential section was at- 
tempted but the entire posterior root was cut. She had repeated bouts of con- 
junctivitis and keratitis, but was free of pain and lived a pleasant useful life. 

In 1947 she consulted me because of severe tic-like pain in the left side of the 
face. It usually started in the lower jaw, spread to the upper teeth and cheek but 
did not go into or above the eye. The pain had been present in a relatively mild 
form at intervals for 2 years, but for 2 months had been very severe and recurred 
at frequent intervals. She demanded relief. A differential section was done without 
difficulty, preserving the motor root. 

When last heard from in 1952, she had remained free of pain, could eat without 
difficulty, but at the age of 71 was showing signs of senile arteriosclerosis. 


Case 2. H.K., a 41-year-old woman, was first seen by Dr. Ernest Sachs in 1942, 
complaining of tic-like pain in the area of the 2nd division on the right side, of 4 
months’ duration. Medical treatment had given no relief. An alcohol injection of 
the 2nd division was attempted, but anesthesia was not produced. She was seen at 
intervals for about 2 months, still having occasional pain, but soon failed to report. 

I saw her first in 1947, complaining of very severe pain in the left side of her face, 
also present for 4 months. She had continued to have pain in the right face until 
operated upon by another neurosurgeon in 1945. As a result of this procedure she 
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hed anesthesia of the 3rd division and hypalgesia of the 2nd division. She complained 
re ther bitterly about paresthesia in the area of the 2nd division, but said that even 
this was far preferable to the pain. 

The left-sided pain involved all three divisions, frequently starting and remaining 
i: the area of the 1st division, so she was told that a complete section of the root 

uld be necessary. She absolutely refused to open her mouth sufficiently to test 

‘motor division, but there was no apparent atrophy of the temporal or masseter 

iscle. It was recognized that she might be a problem postoperatively because of 
»mbness, but this was fully discussed and she begged for relief. 

On Aug. 12, 1947 a complete section of the left sensory root was done, sparing 

motor root. On one occasion, about a month postoperatively, she scratched the 
sve, with resultant inflammatory change, but this responded quickly to temporary 

osure of the lids. 

Four years later she reported because of the recent occurrence of a few par- 

‘smal pains in the upper part of the area of the 2nd division on the right. She 

so complained of a “drawing” in the left face, but said that actually she had done 
» well that she had not seen a doctor in 3 years. She was reassured and has had no 
difficulty since. There was no involvement of the motor root on either side. 

She taught me a useful trick. She ate in public a great deal, and was naturally 
enibarrassed by the occasional drooling of food. She began using a very large com- 
pact with a mirror which she placed in front of her plate. By watching herself in 
the mirror she was able to eat without any embarrassment. 


Case 3. J.S., a 53-year-old man, had typical trigeminal neuralgia of the 2nd 
division on the right, for which alcohol injections were done by Dr. Ernest Sachs 
in 1938, 1939, and 1940. The third injection, done in 1940, was not successful, so a 
fourth was done with relief for about 6 months. He consulted me in October 1940, 
saying that he wanted no more injections, but begged for permanent relief. 

On Oct. 17, 1940, a differential section was done, leaving some fibers of the 
3rd and Ist divisions, his pain being only in the 2nd division. Alcohol was injected 
into the 2nd division just distal to the ganglion and the motor root was spared. 
Postoperatively, he had a slight herpetic lesion on the lower lip which soon cleared. 

Two months later he had hypalgesia of the 3rd and Ist areas, anesthesia of the 
2nd area, and no involvement of the motor root. 

He reported on Dec. 30, 1948, saying that he had the same type of pain in his 
left face. He was emphatic that he wanted no temporizing as before, but begged 
for immediate relief. The pain first appeared 3 years before, but had not been severe 
until the preceding 2 weeks. On examination there were no symptoms except those 
resulting from the previous root section on the right as described before. 

On Jan. 7, 1949, a left differential section of the posterior root was done, at- 
tempting again to leave a few fibers of the 3rd division as well as the 1st, and sparing 
the motor root. I was not successful, however, in leaving the fibers of the 3rd divi- 
sion, for postoperatively there was complete anesthesia in the areas of the 2nd and 
3rd divisions. He returned to work in 2 weeks and has been free of pain since. He is 
not annoyed by the numbness. 


Case 4. M.M., a 74-year-old immigrant woman, was first seen in the Jewish 
Hospital Clinic in March 1949. She had visited the clinic since 1942, complaining 
of severe pain in the right side of her face. Injections had been attempted, but she 
spoke no English and her cooperation was poor, and no relief had been obtained. 
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She was edentulous, hypertensive, had Parkinson’s disease, and completely refuse | 
to wash or allow anyone to touch the right face below the eye. There was a mark« 
dorsal kyphosis. 

A differential section was done on the right side on March 23, 1949, preserviiiz 
the motor root. In spite of her infirmities, she made a prompt recovery and w:s 
discharged in a week. 

In April 1950, she returned saying that for 3 months she had had the same 
type of pain in the left side of her face. The same dirty appearance was present 01 
the left side that had been noted previously on the right, but she had had no righ: 
sided pain, and this side of her face was now relatively clean. 

On April 12, 1950, a differential section was done on the left side, sparing tlie 
motor root, and again she made a rapid recovery. 

As before, she did well for a time, but returned in February 1952, saying that 
for 3 months she had pain on the right side. It began just beneath the eye and 
extended up onto the forehead. This seemed to be true tic-like pain, and this time 
the upper part of the face on the right side was dirty, the remainder being fairly 
clean. She had sensation in the upper area of the 2nd division and in the area of the 
Ist division. 

On Feb. 27, 1952, the right incision was re-opened, and the entire sensory root 
was cut, sparing the motor root. Again her postoperative recovery was rapid and 
she has been free of pain up to the present. 


Case 5. W.G.E., a 61-year-old white male, was first seen on Oct. 2, 1951, com- 
plaining of severe tic-like pain in the areas of the 2nd and 3rd divisions on the 
right side of his face. 

His past history was interesting: About 1908 he had had a period of diplopia 
which lasted several days and cleared completely. In 1912 there was a recurrence of 
diplopia followed by blindness of the left eye which lasted several hours. The 
blindness cleared but he had always thought his left eye was weak. About 1926, 
he awoke with a left hemiplegia, not accompanied by headache, stiff neck, or loss 
of consciousness. There was gradual improvement. In 1931 he was operated upon 
by Dr. W. McK. Craig for trigeminal neuralgia on the left side, a differential section 
being done. In 1943 he began to have episodes of tic-like pain in the right lower jaw 
but it was not severe at first and there were long remissions. In August 1951, how- 
ever, severe pain developed in the lower jaw and along the side of the nose and this 
continued without remission. He begged for relief. 

There was a normal right fundus, with a pale nerve head on the left. The small 
temporal incision on the left was healed well, there was no motor weakness of the 
5th nerve, and he had anesthesia in the area of the 3rd and lower area of the 2nd 
division on the left. There was good sensation in the upper area of the 2nd and in 
the area of the 1st division. On the right, sensation was normal. He had no involve- 
ment of the 8th nerve on either side, no cerebellar signs, and no bruit. His left grip 
was weak, and he walked with a left hemiparetic gait and had a left Babinski. There 
was a vague history of lues, but blood and spinal fluid serology was negative. Spinal 
fluid had 0 cells, total protein of 46 mg. per cent, and a flat colloidal gold curve. 
Roentgenograms of his skull were negative. 

The diagnosis of multiple sclerosis was considered but not proven, and on 
Oct. 11, 1951, a differential section was done on the right side. No abnormali'ies 
were encountered and the motor root was spared. His postoperative recovery \as 
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rap'd and he has remained free of pain, works every day, and has shown no progres- 
sior: of other neurological symptoms. He is not annoyed by the numbness, but has to 
wipe his mouth frequently when he eats. Taste is normal. 


‘ase 6. L.S., a 62-year-old white female, was first seen on April 20, 1951, com- 
plai ing of severe tic-like pain involving chiefly the area of the 2nd division on the 
left ide. There was some pain in the distribution of the 3rd division. This pain had 
recurred at intervals for 10 years, but for several months it had been almost con- 
tinuous. About 6 years before, she had had, for several days, pain of the same type 
on tue right side but it had not recurred. 

On April 25, 1951, a differential section was done on the left side, sparing the 
motor root. The usual alcohol injection was done, and she had no herpes. However, 
on the Ist postoperative day she had a few twinges of pain in the right side of her 
face, but these soon subsided. She was discharged on April 30, 1951 in excellent 
condition. 

In September 1951 she reported because of pain in the right side of her face. 
Large doses of B12 were given with apparent improvement for a short time. There 
was an early recurrence, however, so she reported on Feb. 9, 1952, begging that some- 
thing be done. The pain was in the area of the 2nd and 3rd divisions. Tractotomy 
was considered, but she said she would gladly swap pain for numbness, so on Feb. 
12, 1952, a differential section was done, sparing the motor root. Her postoperative 
course was uneventful and she was discharged on Feb. 17, 1952. In 1954, she re- 
ported to say that she was doing very well, had no pain, and was extremely grateful. 
She has had no recurrence of pain. 


Case 7. J.F., aged 45, was first seen on Aug. 3, 1951. She complained of a shooting 
type of pain in the right upper lip radiating into the cheek. She had had mild episodes 
of pain at intervals for 3 years, but it had been severe for about 2 months. Her father 
and her maternal grandmother were said to have had trigeminal neuralgia. She was 
obviously a very tense, neurotic woman who was taking barbiturates and codeine 
in considerable quantities, but I finally agreed with reluctance to do an injection 
of the 2nd division. Total anesthesia in the area of the 2nd division was produced, 
but on her way home she began to have severe flashes of pain in and above the right 
eye. She was admitted to the hospital in October 1951, this being her 8th admission 
for various complaints. After considerable discussion, it was decided to do a com- 
plete section of the posterior root. This was carried out without any particular 
difficulty except that I could not accurately identify the motor root. I thought that 
Ihad sectioned the entire root, so after a very smooth postoperative course, she was 
discharged. 

Except for her usual complaints of headache, “bursitis,” etc., she did very well 
until August 1952 when she returned complaining of stabbing pain in and above 
the right eye. She had a few scattered areas of retained sensation over the right side 
of the forehead, and an active corneal reflex. On Sept. 30, 1952, it was decided to 
re-explore her to see if there were any remaining sensory fibers, and two or three 
small strands were found up under the sheath of the root. These were sectioned, 
and the ganglion was injected with alcohol. 

Again, her postoperative course was smooth, and except for occasional episodes 
of redness of the eye, she did well until July 1953. At that time she reported because 
of episodes of pain in the areas of the Ist and 2nd divisions on the left side. She had 
total trigeminal anesthesia on the right, and normal sensation on the left, with a 
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trigger area at the junction of the nose and cheek on the left. The question of _|e- 
compression of the left posterior root was discussed with the patient, but she  |e- 
ferred any definitive treatment until May 1954. She was again hospitalized, +d 
in spite of her marked emaciation, she was operated upon. The dura mater was 
stripped from the ganglion, and the sheath over the root was divided all the \ ay 
back so that the root could be seen in the posterior fossa. Bleeding from the petro sal 
sinus was easily controlled and no abnormalities causing constriction were seen. | ler 
course was satisfactory except that on the 7th postoperative day an incompicte 
peripheral facial paralysis developed, which cleared in 4 weeks. 

She still has episodes of pain, takes too much codeine, an occasional dose of 
Demerol, and is certainly a poor result as far as the second (left) side is concerned, 


Case 8. B.M., a white female aged 68, was first seen on Sept. 14, 1948 with typical 
pain of the 3rd division on the left. The pain was not severe enough to justify radical 
therapy, and had been present only 2 months. Three months later, she was hos- 
pitalized when she said that the pain was so severe that relief was essential. At this 
time, pain of both 2nd and 3rd divisions was present. On Dec. 14, 1948, a section of 
the posterior root was done, the procedure being made much more difficult because 
of marked Paget’s disease of the skull. In spite of hypertensive cardiovascular 
disease, her postoperative course was smooth, and she did very well until 1953. 
In July of that year she returned, saying that she began, 3 months previously, to 
have exactly the same type of pain on the right side, beginning in the cheek and 
radiating up above the eye. 

Conservative therapy was advised, but 6 months later she was hospitalized 
because the pain was unbearable. I considered the possibility that the Paget’s dis- 
ease might be an etiological factor, but she had no sensory change or involvement of 
the motor root on the right side. The Paget’s disease was certainly a factor to be 
reckoned with, for roentgenograms showed that the temporal bone was very thick, 
and there had been almost complete regeneration of the left temporal defect. After 
much discussion, it was decided that tractotomy would be preferable to section of 
the posterior root. 

On Aug. 15, 1953, this procedure was carried out, but it was technically very 
difficult because of the extreme thickness of the bone. Chisel, gouges, curettes, and 
rongeurs were needed to remove the posterior portion of the foramen magnum, but 
the dura mater and intradural structures looked normal. Using the technique of 
Grant and Weinberger, a tractotomy was done on the right side. 

Her postoperative course was complicated by rather marked ataxia of the right 
arm and leg, and she could walk only with a cane when discharged on Aug. 28, 
1953. Touch sensation was present over the entire right face, but pin prick was 
appreciated as such only in a few scattered areas over the lower jaw. She had herpes 
on the right lower lip. 

Gradually, the ataxia improved, and in about 4 months she was walking well, 
but the right hand has remained somewhat uncertain. 

In July 1955 she returned to say that for 3 months she had had mild episodes 
of pain in the right upper lip. This area was still markedly hypalgesic, but in iso- 
lated spots she did perceive pin prick as a “light stick.”” No treatment was advised 
other than mild sedation and 4 months later she reported that the pain hac dis- 
appeared. 

In spite of the preservation of touch, this patients complains more abou' the 
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right side than the left, and she has stated that if the pain recurs, she would much 
kK and prefer to have an operation “like the one on the left side.” 
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were male. The pain was on the right in 25 and on the left in 15. Standar:| 
transtemporal root section was done as the primary procedure in 31 case,. 
““decompression’’!°® of the root in 9. In 1 case, decompression was so con:- 
pletely unsuccessful that section had to be done within 10 days. This was 
in a woman aged 65 years. The ages of the other patients who had decon:- 
pression varied from 24 to 66 years, with an average age of 49 years. So far 
the results in the other 8 cases have been satisfactory, but some are reli- 
tively recent. The patients upon whom the standard operation was per- 
formed varied in age from 37 to 81, the average being 64 years. This illus- 
trates my feeling that the decision for the type of operation is based upon 
age, plus the patient’s desire to be absolutely certain of relief. In my opinion, 
the patient in his late sixties or beyond, and the patient who wants complete 
assurance of remaining free of pain, should not face the possibility of two 
operations. 

In this group of 40 patients are 2 in whom pain developed on the side 
opposite the previous root section. In neither is the pain severe enough to the 
present to justify surgery. 


SUMMARY 


Operative results in 8 cases of bilateral trigeminal neuralgia are recorded. 
The necessity for sparing the motor root is emphasized by the occurrence 
of bilateral trigeminal neuralgia in 9 of 127 cases and in 2 of a more recent 
series of 40 cases. 
CONCLUSIONS 


1. Section of the posterior root for major trigeminal neuralgia is an opera- 
tion “‘from which the surgeon derives great satisfaction” (Frazier). 

2. If the patient is made fully aware of the operative results, and only 
patients with severe pain are operated upon, the results are exceedingly 
gratifying. 

3. While I do an occasional “decompression,”’ I firmly believe that the 
operation suggested by Spiller and executed by Frazier will long continue to 
play a very important role in the treatment of this disease. 

4. Bilateral root section is the treatment which, in my hands, has given 
the best results in bilateral trigeminal neuralgia. 
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THE DYNAMIC FACTOR IN SPINAL 
CORD COMPRESSION 
A STUDY ON DOGS WITH SPECIAL REFERENCE TO CERVICAL DIS( 
PROTRUSIONS 
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T 1s a well established fact that certain chondrodystrophic breeds of dogs 
have a greater tendency towards degeneration and protrusion of in- 
tervertebral discs than other breeds.* 

Degeneration of discs in the chondrodystrophies is characterized by a 
dystrophic calcification of the nucleus pulposus. Very often there is a com- 
plete rupture of the annulus fibrosus, with a varying degree of displacement 
of the nucleus pulposus into the vertebral canal. Because of the calcification 
the displacement can, in many cases, easily be demonstrated and the allied 
spatial changes followed on routine roentgenograms. Almost all dise pro- 
trusions in the dog, except a few lateral ones, compress the spinal cord. (The 
spinal cord extends to the last lumbar vertebrae. There are 7 lumbar verte- 
brae.) This combination of circumstances provides ideal material for the 
study of the varying factors influencing the symptoms of compression of the 
spinal cord. 

Olsson® and Hansen,* on the basis of clinical, roentgenological and 
patho-anatomical material, discussed thoracolumbar protrusions in the dog. 
Observations pertinent to this paper may be summarized as follow: 

In cases of complete rupture of the annulus fibrosus the protrusion may 
cause symptoms of varying severity: from complete paraplegia to only 
slight pain. The onset of pain or paresis may be sudden or insidious and the 
duration of symptoms variable. Some dogs with paraplegia never recover 
while others recover within 3 weeks or up to 6 months. In many cases pain 
will cease in a few days, while in other cases pain may persist for months. 
Olsson explains the variability in degree and duration of symptoms as fol- 
lows. A complete irreversible paraplegia is more the result of how the dise 
protrusion occurs than the size of the protrusion. A slow-growing, large 
protrusion may give rise to only slight symptoms, while a sudden protrusion 
will act as a severe trauma to the cord sometimes with severe hemorrhage, 
spinal shock and even death. This is in accordance with the results obtained 
later by Tarlov et al.8—° in their experimental study on compression of the 
spinal cord in the dog. 

Healing results from the disappearance of the inflammatory reactions, 
bleedings and edema rather than from the disappearance or diminis/iing 
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of .he protrusion itself. If now and then a small amount of disc tissue is 
pressed out through a rupture in the annulus fibrosus by active or passive 
movements of the spine, the inflammatory reaction and subsequent irrita- 
tio. of the cord will persist together with clinical symptoms. Even very 
larve protrusions may not cause symptoms if they are firm and do not con- 
tinie to enlarge. Considering the natural mode of healing through stabiliza- 
tion: of the protrusion, Olsson® introduced a surgical method to prevent 
fur her protrusion of a ruptured disc. This fenestration operation consists 
of ‘he removal of the remaining part of the nucleus pulposus through an 
inc:sion in the annulus fibrosus outside the vertebral canal. 

Laminectomy and removal of the protrusion proved to be of little value 
in these cases largely because of the damaged cord’s low tolerance to the 
surgical trauma. 

‘he above concepts were based upon studies of thoracolumbar disc 
protrusions. However, great muscular forces affect the thoracolumbar area. 
This may be the explanation why sudden and powerful protrusions followed 
by paraplegia are very common in this area. These cases thus are less suit- 
able for continuous study of delicate changes in symptoms and the effects 
of therapeutic measures. 

Cervical dise protrusions in the dog, reported for the first time by 
Olsson® in 1951 and described more completely by Olsson and Hansen’ in 
1952, are, in this respect, of greater interest. Pain in the neck and forelegs 
is the predominant symptom. Paraplegia or quadriplegia is seen only ex- 
ceptionally. These differences in symptoms in the cervical and thoracolum- 
bar regions may be explained by the different muscular forces exerted on 
the cervical and lumbar spine during locomotion, as well as by the somewhat 
wider cervical part of the vertebral canal which provides more room for the 
spinal cord. 

The aim of this paper, based mainly on a study of cervical dise pro- 
trusions, is to throw new light upon the problems concerned in compression 
of the spinal cord. 


CLINICAL STUDIES 
MATERIAL AND METHODS 

During the eight-year period from 1949-1956 about 1300 clinical cases 
of dise protrusions in the dog have been studied. In 40 of these cases there 
were symptoms associated with protrusions of the cervical dises. The cases 
of protrusion of the thoracolumbar discs have been discussed in previous 
papers and are not included in this study except a few cases of special in- 
terest. Treatment in the latter cases has been routine in the clinic, according 
to the regime given by Hansen and Olsson‘ in 1953. 

All dogs with cervical disc protrusions were subjected to detailed neuro- 
logical and roentgenological examinations during the period of clinical ob- 
servation. They were reexamined several times after recovery. In all 40 
cases the site of the protrusion was demonstrated on routine roentgenograms. 
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TABLE 1 


Time of complete recovery after operation for cervical disc protrusion 
Within 
1 Week 





1-2 Weeks 2-3 Weeks 3-4 Weeks 4-5 Weeks 8 Week 





13 8 5 1 





In 10 cases, however, myelography was performed (Fig. 1) in order to estab- 
lish definitely the presence of spinal cord compression. In 34 cases surgery 
was performed. The remnants of the nucleus pulposus of the ruptured dise 
were scooped out through an incision in the ventral portion of the annulus 
fibrosus. In the remaining 6 cases treatment was conservative, with only 
rest and careful nursing. 


RESULTS 


Of the 34 dogs operated upon, 29 had been treated conservatively prior 
to surgery for 2 weeks or more with little or no result. Eleven of these had 
been treated for more than a month with the same negative results. 

In 30 surgical cases recovery was complete within the period of time 
after operation indicated in Table 1. 

One animal was killed 3 weeks after operation with nearly unchanged 
symptoms. Two died from intercurrent disease shortly after operation. One 
died in postoperative quadriplegia (no necropsy). 

Of the 6 animals treated conservatively, 2 recovered after 2 months and 


1 after 3 months. The 3 remaining dogs were all killed, 2 after 1 week and 1 
after 4 weeks. The owners refused surgery but could not stand seeing their 
dogs in severe pain. 


PATHO-ANATOMICAL STUDIES 


As early as 1896 Dexler,! one of the pioneers in the field of canine neuro- 
pathology, gave a thorough description of the histopathological changes in 
compression myelitis caused by the so-called enchondrosis intervertebralis— 
identical to the disc syndrome. In all of his 11 cases there were severe motor 
disturbances. Dexler found the symptoms closely related to the degree of 
changes in the spinal cord. In some cases, however, there was no correlation 
between changes in the cord and amount of compression of the cord. In 1 
case of complete cross sectional malacia there was only a small very flat 
protrusion. Dexler interpreted the malacia in this case as a result of an irrita- 
tion caused by the increased mobility of the spine at the site of the diseased 
disc. He could, however, only demonstrate this on the specimen at necropsy. 

All recent studies on protrusions of the canine disc have paid more at- 
tention to the pathology of the disc than to that of the spinal cord. In the 
present study most animals were treated and recovered. Autopsies were 
performed in only 3 cases of cervical disc and 14 of lumbar dise. The verte- 
bral columns from 13 of these dogs were deep-frozen and sawn sagittal 'y in 
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order to make possible the demonstration in situ of the protrusion and the 
degree of cord compression (Fig. 12). This procedure, however, destroyed 
the minute structures of the cord and in only the 4 remaining cases could 
the cord be properly examined histologically. This material included 5 disc 
protrusions. Four were acute, having caused severe symptoms with a dura- 
tion of 10 to 15 days, and 1 was chronic, probably without any symptoms, 
at the time of death. 

The pathological changes caused by these protrusions were similar to 
those reported by Dexler. They varied from circumscribed areas of malacia, 
proliferation of the neuroglia, perivascular infiltrate of lymphoid cells and 
meningitis up to complete malacia of the compressed part of the cord (Figs. 
18, 14 and 15). The chronic protrusion shown in Fig. 10, according to the 
clinical history, had been the cause of a posterior paresis more than half a 
year prior to death. Despite an obvious compression of the cord, there were 
no significant histopathological changes to be found. 


DISCUSSION 


The above figures indicate that fenestration of the disc has therapeutic 
value in cases of cervical disc protrusion. The rapid recovery after surgery of 
the animals first treated conservatively particularly points in this direction. 

The present material supports the statement of Olsson and Hansen’ that 
there seems to be less tendency to spontaneous healing in cervical disc 
protrusions than in thoracolumbar protrusions. This point may seem con- 
troversial in view of the fact that severe cord lesions, and subsequent motor 
disturbances, are less common with cervical protrusions. 

A possible explanation for the decreased healing ability of cervical pro- 
trusions may be the greater mobility of the cervical spine with decreased 
ability to prevent further increase in size of the protrusion. 

Affected dogs in acute attacks of pain keep the head in a low and fixed 
position, absolutely refusing to raise it. On the other hand, during a period 
of less pain the animal may suddenly turn the head and, thereby, initiate a 
severe attack. The animals that respond best to fenestration are those with a 
small protrusion. Most of the nucleus tissue is then still in the disc and the 
disc space is nearly normal. Such an animal will recover within a week 
(Figs. 2 and 3). This emphasizes the importance of operating before too 
much nucleus tissue has been pressed out. 

One of the dogs operated upon, without any particular improvement af- 
ter 3 weeks, was sacrificed at the owner’s request. At necropsy it was dem- 
onstrated that the protrusion filled more than a third of the cross sectional 
area of the vertebral canal. In this case, in which the symptoms were paresis 
in the forelegs and pain, the static compression of the cord seemed to be of 
sufficient size to impair the function of the cord. This situation may have 
been suited for hemilaminectomy and removal of the protrusion or some 
other form of decompression operation. On the other hand, even larger 
protrusions of the chronic type have been found in dogs without symptoms. 
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Fig. 1. Lateral roentgenogram of part of cervical spine of a dog showing the following changes: cal- 
cification of discs C2-C3, C3—C4, and C4—C5. The latter dise shows a narrowed space. The dog had typical 
symptoms of spinal cord compression and, though there was little doubt that dise C4—C5 had protruded, 
myelography was performed to demonstrate the lesion. After cisternal puncture through the suboccipital 
foramen, 0.7 cc. of Thorotrast was injected. After a few minutes in a tilted position with the head high, 
the dog was X-rayed. The spinal cord is nicely outlined and there is a complete block (A) at the level of 
dise C4-C5. 


Fig. 2. Lateral roentgenogram showing calcification of C2—C3 and a dorsal rupture of the annulus 
fibrosus. Calcified nucleus tissue has found its way out through the rupture, allowing the rupture {o be 
demonstrated. The protrusion is not dense enough to show on the picture. (The calcified disc tissue in the 
protrusion is responsible for an eventual density of the protrusion. The density of the disc tissue !s de- 
creased if in a protrusion this tissue is intermingled with hemorrhages and inflammatory cells.) The disc 
space seems to be normal. The fenestration of a disc like this and a removal of the nucleus pulposv: will 
prevent further protrusion and relieve pain in a few days. 
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Fic. 3. The same dog as in Fig. 2. The roentgenogram was taken a week after operation when the dog 
was free of pain. The calcified protrusion was completely removed. Part of the removed nucleus pulposus 
can be seen as a slight density in the soft tissue on the ventral side of the disc. 


In the case of the dog that died in postoperative quadriplegia after 6 
days, necropsy could not be performed because of the owner’s refusal. The 
operative failure may have been caused by a technical error by the surgeon. 
With the exception of this case and another in which there developed slight 





A 


Fie. 4. This roentgenogram is from a dog with rather severe symptoms of compression of the cervical 
spinal cord. Dise C2-C3 is calcified, slightly narrowed and protruded (A). The rather big protrusion can be 
seen as a long, slightly dense, curved shadow above dise C2-C3. The dog was treated conservatively and 
sent home in a somewhat improved condition 2 weeks later. While at home it made a sudden movement 
of the head and was stricken with severe pain and paresis. After a slow recovery of nearly 6 weeks, the 
dog regained complete health. See further Figs. 5, 6 and 7. 





314 STEN-ERIK OLSSON 


paresis of the forelegs of short duration, none of the dogs operated upon 
showed any side effects from the operation. 

Of the conservatively treated animals, 1 is of special interest (Figs. 4, 
5, 6 and 7). This dog was admitted to the clinic with rather severe symptoms 

of compression of the cervical spinal 
cord. A dise protrusion at C2-C3 
was demonstrated. The dog was 
treated conservatively and sent 
home somewhat improved. At home 
paresis developed but the dog made 
a slow recovery, being completely 
normal in about 6 weeks. Examina- 
tion at that time revealed that the 
symptoms had disappeared in spite 
of a radiologically visible enlarge- 
ment of the protrusion. The entire 
nucleus pulposus had protruded and, 
therefore, become stabilized. 
Another example of the impor- 
tance of the dynamic factor is the 
following case: 1 week after the onset 
of pain caused by a cervical dise pro- 
trusion the roentgenogram in Fig. 8 
was taken. The one in Fig. 9 was 
Fic. 5. Ventrodorsai roentgenogram of the taken after a 3-week period of con- 
same dog as in Fig. 4, taken the same day. servative treatment. In spite of the 
treatment pain persisted because of 
further displacement of dise tissue. The enlargement of the protrusion, as 
well as the narrowing of the dise space, is demonstrated in the roentgeno- 
grams. In this case stabilization had not been attained. A fenestration in the 
first instance would have made further protrusion of the nucleus pulposus 
impossible, and the symptoms would probably have disappeared in a few 
days. 

Hansen’ reported the great difference microscopically between acute 
and chronic protrusions. The former type was characterized by the presence 
of hemorrhage, inflammatory cells and edema. Genuine disc tissue formed 
only a part of the protrusion. The chronic protrusion consisted of a higher 
percentage of cells of degenerated nucleus pulposus and some connective 
tissue. This difference is macroscopically demonstrated in Fig. 10. ‘Two 
adjacent discs had protruded with an interval of nearly 1 year. The dog 
recovered from the first attack of paresis but died after 2 days of paraplegia 
in the second attack. The large grainy, edematous and partly hemorrhagic, 
acute protrusion is easily differentiated from the dry, firm, white-spotted 
calcified nucleus pulposus tissue of the chronic protrusion. 
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Fig. 6. Roentgenograms taken 2 months after the ones in Figs. 4 and 5. The entire calcified nucleus 
pulposus of C2—C3 has been pressed out of the disc and has contributed to a considerable enlargement of 
the protrusion (A). This obviously happened when the dog had the relapse of pain and paresis. It must 
be emphasized that this dog showed no signs of spinal cord compression when this particular roentgenogram 
was taken. 





i 

Fic. 7. Ventrodorsal picture of same dog as in Figs. 4, 5 and 6. The large, calcified protrusion at 
C2-C3 is easily demonstrated, as well as the narrowing of the disc. Compared with Fig. 5 this roentgeno- 
gram reveals what has happened during the interval between the two roentgen-ray examinations. The 
dise has reached a final state. There is nothing left to protrude. Although the protrusion is of a remarkable 
size with a marked degree of cord compression, stabilization has been attained; the compression is static, 
and symptoms have disappeared. This roentgenogram was taken the same day as the one in Fig. 6. 
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Fic. 8. Roentgenogram showing the following changes of disc C4—C5: calcification of the entire 
nucleus pulposus, a rupture in the annulus fibrosus and a small calcified protrusion. The dog suffered from 
rather severe pain, but it was decided that conservative treatment should be tried. Pain persisted, how- 
ever, and the dog was admitted to the clinic and reexamined (see Fig. 9). 


The cervical dise protrusion in Fig. 12 which caused only pain and the 
thoracolumbar one in Fig. 11 which caused severe trauma to the cord with 
ascending hemorrhage, spinal shock and death may serve as examples of 
the discrepancy between the measurable degree of compression of the cord 
and the symptoms. The only reasonable explanation for the difference in 


Fic. 9. Cervical spine of the same dog as in Fig. 8. There is an interval of 3 weeks between t!:¢ two 
roentgen-ray examinations. A narrowing of disc C4—C5 and a slight increase in size of the protrusio! have 
taken place since the roentgenogram of Fig. 8 was taken. The continuous protrusion of the disc ‘uring 
the interval was probably responsible for the persistence of pain. 
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ita. 10. Part of the dorsal spine of a dog, seen from the dorsal side; the neural arches and spinal cord 
have been removed. There are two disc protrusions: one chronic on L2-L3 (to the left) and one acute 
on L3-LA. The chronic protrusion caused an attack of paresis nearly 1 year prior to death, which was 
caused by the acute protrusion. The difference between the two protrusions is obvious. To the left side of 
the chronic protrusion is shown the dorsal surface of a normal disc. 





Fig. 11. A part of the right half of the spine of a dog. The specimen was frozen, sawed in the sagittal 
plane and fixed in formalin. The cord has been severely damaged by a protrusion (B) of dise L1-L2 (C). 
The space of the latter disc is narrowed in comparison to that of T13—L1 (A). (The nucleus pulposus in 
the young animal is very hydrophilic. In the ageing dog this is less pronounced. In this dog all the dises 
swelled over the cut surface when fixed in formaldehyde except the protruded one.) The measurable com- 
pression of the cord in this case is not great, but, nevertheless, there is myelomalacia with subarachnoidal 
hemorrhage. The protrusion consists of two parts, one firm and chronic under the dorsal longitudinal 
ligament and one loose, and acute spread out on the body of L1. The changes extend to the upper cervical 
portion of the cord. Paraplegia was sudden, and the dog died in 2 days. 
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Fic. 12. A part of the left half of a frozen spine with the spinal cord in situ. Dise C3—C4 has pro- 
truded. The protrusion as well as the compression of the cord is of considerable size. The disc is narrowed 
in comparison with the surrounding discs. The nuclei pulposi of the discs in the picture are all calcified. 
The protrusion is of the type that, despite its size, gives rise to only slight symptoms. 


. 13. Microphotograph of dorsocentral part of spinal cord at site of compression caused ! y an 
acute disc protrusion. The gross appearance of the protrusion is shown in Fig. 10. In the right \ orsal 
column there is a circumscribed area of malacia and in the left a less pronounced diffuse malacia. M«' on’s 
stain for myelin sheaths, X 154. 
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Fic. 14. Microphotograph of parts of a 10-day-old dise protrusion and of the compressed cerd (upper 
right). (The cord was compressed to more than two-thirds of its normal area of transection and the dog 
suffered from a complete posterior paralysis.) The light-stained portion of the protrusion consists of 
chondroid nucleus pulposus tissue, showing the typical cell pattern. The dark-stained areas are mainly 
calcified tissue. The cord shows a compact structure because of the compression. See further Fig. 15. 
Hemalum-eosin, X 148. 


effect on the cord is a different rate of protrusion. The anamnesis of a large 
number of clinical cases provides ample evidence to support this conception. 
The initial trauma from a sudden and powerful protrusion may momen- 
tarily give rise to irreversible changes in the cord. Sometimes the trauma 
will cause edema and hemorrhage which, within a day, may be the cause 
of irreversible changes. This delay may allow time for surgical release of the 
compression. However, the vulnerability of the damaged spinal cord, to- 
gether with the often poor condition of tne animal, probably renders this 
expedient more theoretical than practical. 

The canine spinal cord is considered to have more autonomy than the 
human cord.? This autonomy may be one of the reasons why canine spinal 
cord can endure slowly increasing or large stable compression without losing 
its functional ability. This tolerance seems, however, to be reduced when 
inflammatory reaction is present in the epidural tissues. 
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Fic. 15. Greater magnification of the cord shown in Fig. 14. Ventral part of right dorsal column to 
the left and grey commissure to the right. The tissue is more compact than normal because of compression. 
Malacia and increase in number of glia cells is well demonstrated. In the lower left corner is a part of the 
dorsal septum with a vessel showing perivascular reaction. Moreover there is a great number of minute 
vessels scattered in the cord tissue and marked neuronophagia. Hemalum-eosin, X 506. 


The histopathologic background of the different symptoms in compres- 
sion of the canine spinal cord can not be discussed on the basis of the cases 
examined. Further studies of these changes are necessary, especially of those 
causing only slight clinical symptoms. Because of the fairly good prognosis 
in many of these cases, difficulties will, however, arise in obtaining post- 
mortem examinations, but studies are in progress and will be continued. 


CONCLUSIONS 

1. A sudden, powerful compression of the canine spinal cord, even of 
short duration, may cause irreversible changes. 

2. Through its inflammatory effect, a dynamic factor seems to be more 
responsible for the maintenance of symptoms than the actual compression. 

3. Static compression of the spinal cord seems to be of little significance 
in maintaining the symptoms. 

4. Any method of treatment that will eliminate the dynamic factor and 
thus reduce the inflammatory reaction seems to be of greater therapeutic 
value than the direct surgical removal of the protrusion. 

5. Fenestration of the disc appears to fulfill the requirements necessary 
for elimination of the dynamic factor. 
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SUMMARY 


\ study on protrusion of intervertebral discs in the dog is reported. 


Special reference is made to 40 cases of cervical disc protrusions. The author 
em) hasizes the importance of the dynamic and inflammatory factors for the 
maintenance of symptoms. A static compression, even of quite remarkable 
extent, is tolerated relatively well in most cases. 
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INTRACEREBRAL HEMORRHAGE ASSOCIATED WIT! 
HYPERTENSION AND ARTERIOSCLEROSIS* 


LEO M. DAVIDOFF, M.D.7 


cently conducted by Wright, Adams, Covalt, Fazekas, and Merritt" 

at the New York Academy of Medicine, some pertinent statistics 

were cited concerning the increasing problem of cerebrovascular accidents 
in our population. In 1952 about 170,000 people, more than 44,000 of them 
under the age of 65, died of cerebral vascular disease in the United States, 
Moreover, an estimated 1,800,000 still alive are known to have suffered 
some manifestation of cerebral vascular disease. Many of these are suffi- 
ciently incapacitated to require the full-time or part-time services of from 
one to three other persons. Many thousands are occupying beds in nursing 
homes, in private, municipal, state or federal veterans’ hospitals for pro- 
longed periods of time, and thousands more represent heavy burdens to 
their families at home. While spontaneous intracerebral hemorrhage rep- 
resents only a portion (about 25 per cent) of this serious problem, it never- 
theless proved to be, according to a Metropolitan Life Insurance Company 
Bulletin in 1946, the fourth most common cause of death in the United 
States of America. Indeed, the mortality from spontaneous intracerebral 
hemorrhage, without surgical interference, is appallingly high. Thus Aring 
and Merritt! found a mortality of 98 per cent in 116 cases. Rose!® reported on 
205 patients, of which 80 per cent had died within 24 hours. Zimmerman," 
who reviewed 107 cases, described a 94 per cent mortality with the first 
attack, and in the remainder death occurred within 5 weeks after the onset. 
There are many conditions that may be responsible for intracerebral 
bleeding. Among these are hypertension, arteriosclerosis, cerebral aneurysm, 
cerebral vascular anomalies, septicemia, subacute bacterial endocarditis, 
brain tumors, periarteritis nodosa, lupus erythematosis, tuberculosis, syph- 
ilis, eclampsia, trauma, blood dyscrasias, and scurvy. Hemorrhage may also 
occur when heparin or other anticoagulants are used in the treatment of 
thromboses. It is clear that in each of these conditions the cerebral hemor- 
rhage is an incident in an underlying disease, and the success or failure of 
treatment of the hemorrhage depends often upon the prognosis in the disease 
responsible. On the other hand, the catastrophic occurrence of a massive 
hemorrhage in a chronic condition like hypertension or arteriosclerosis, or a 
silent condition like a berry aneurysm or vascular anomaly, is frequently 


De a symposium on “Cerebrovascular Disease with Aging”’ re- 


* Prepared at the request of the Editorial Board of the Journal of Neurosurgery. 
{ Professor and Chairman of the Department of Surgery, Albert Einstein College of Medicine, 
Yeshiva University, New York, New York. 
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the precipitating cause of death, unless, by surgical evacuation of the clot, 
the immediate danger can be allayed. 

Very few clinics are able to accumulate a sufficient number of surgically 
treated cases with any one type of etiologically based hemorrhage, and the 
majority of reports in the literature include the author’s experience with all 
hi. cases of hemorrhage of whatever etiology. The result is likely to be con- 
fusing, since material reported under similar titles often deals with widely 
di-similar situations. Since in the majority of cases* cerebral hemorrhage is 
cused by hypertension and arteriosclerosis, I propose, therefore, to discuss 
ths type alone in order to help crystallize our thinking with regard to this 
major segment of our problem. 

Jewesbury,’ in a paper on “Atypical Intracerebral Haemorrhage,”’ in de- 
fining the typical case with which he did not intend to deal, inadvertently 
succinctly epitomized the very situation that I wish to discuss here: 


“The hypertensive, rather elderly man, while at work, suddenly develops head- 
ache which is often associated with vomiting. Consciousness is quickly lost and there 
are signs of hemiplegia. Blood may be found at lumbar puncture and death occurs 
in the course of a few hours or days. At autopsy arteriosclerosis is commonly found 
and the internal capsule and basal ganglia are the site of a haemorrhage from rup- 
ture of a basal branch of the middle cerebral artery.” 


Let us see how this definition conforms to the combined experience of the 
many authors in their publications on this subject. The number of pertinent 
reports in the world literature is voluminous, but fortunately there is now 
available the detailed summary of all of these contributions in the mono- 
graph by Guy Lazorthes on L’hémorragie cérébrale vue par le neuro-chirurgien. 

In this we learn that the patient is, indeed, in the older age group, rang- 
ing between 40 and 60 years; those of 65 years of age are more likely to have 
cerebral softening rather than hemorrhage. Of 21 patients operated upon by 
me only 1 was under 40 years old, and 4 were over 60. Patients younger than 
40, without hypertension, who suffer from intracranial hemorrhage, do so 
more often as a result either’ of vascular malformation or of unknown cause. 
And as for sex, the proportion of males to females is two to one, as reported 
in the literature. Among the 21 patients in my own series, however, 8 were 
males and 13 females. 

The immediately precipitating cause may be physical exertion, emotional 
shock, or extremes of temperature, such as severe cold in midwinter or ex- 
treme heat in midsummer. 

In the majority of instances the vessels involved are the lateral striate 





* Dorothy Russell in 1954 found that out of 461 cases of intracerebral hemorrhage coming to 
autopsy at the London Hospital between 1912 and 1952, 232 were in patients who had suffered from 
vascular hypertension (54 per cent). Lazorthes® reported that out of 345 cases of hematoma treated by 
surgery, in the literature, on which figures were available, arterial hypertension was present in 28 per cent 
of the cases. Since surgical reports are likely to be on selected cases, the proportion of hemorrhage in pa- 
tients with hypertension in Russell’s figures is probably more representative of the actual situation. In 
Lazorthes’ personal series there were 17 patients with vascular hypertension out of 35 cases, and in 
mine? there were 21 out of 33 cases, 
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branches of the middle cerebral artery. Modern anatomists find it impossib ¢ 
to distinguish among these branches any individual artery like the “enti - 
ulostriate” artery of Duret or the “artery of cerebral hemorrhage” «f 
Charcot. In rare instances intracerebellar hemorrhages may also occur. 

There is considerable disagreement about the pathogenesis of cerebr: 
hemorrhage in hypertensive individuals, and probably the mechanism may 
vary from case to case. Thin vessels may rupture as a result of vasospasin 
if, indeed, such a condition ever occurs. Necrosis of the wall of the vesscl, 
tiny aneurysms or angiomas, or physicochemical changes in the brain sur- 
rounding a vessel may give rise to diapedesis of red blood cells. 

Unlike the hemorrhages of the brain seen with aneurysms, those asso- 
ciated with hypertension usually begin deeply in the basal ganglia and may 
dissect their way peripherally. The hemorrhage may remain small and con- 
fined to the region of the internal capsule, in which case the clinical course 
may be like that of a cerebral thrombosis. It may be violent, involve vital 
centers quickly, or rupture into a ventricle when it is rapidly fatal. Finally 
it may dissect its way into the white matter of the occipital, temporal, or 
frontal lobes and then stop bleeding as a result of tamponade not only by 
the mass of the hemorrhage itself but by the edema of the surrounding brain. 
It is the latter case in which surgical evacuation of the clot may be expected 
to be successful in saving the patient’s life, and reducing the neurological 
deficits that may have resulted, had he survived and recovered spontane- 
ously. 

Clinically the onset is usually abrupt, although premonitory symptoms 
such as headache, paresthesias, and aphasia may be elicited in the history. 
The patient usually complains of sudden severe headache, vomits, and 
rapidly passes into coma. Occasionally convulsions occur. As the coma deep- 
ens, the face becomes flushed, the pulse quickens and breathing becomes 
stertorous and may become Cheyne-Stokes in character. If the hemorrhage 
ruptures into the ventricles, the temperature may become very high, but 
may also fall to subnormal levels. The pupils fail to react to light and are 
often unequal. The eyes may be found deviated, usually toward the side of 
lesion. All deep and superficial reflexes, except for Babinski’s sign, which may 
be bilateral, are usually abolished and the limbs are flaccid. If the coma is 
not too deep and the patient may be made to respond to painful stimuli, 
the failure of one side to respond then indicates the side of the hemiplegia. 

In contrast to this, the patient who suffers a cerebral thrombosis is usu- 
ally older. The onset is more gradual. Headache is either absent, or mild in 
degree. There is seldom any loss of consciousness. Vascular hypertension is 
not a prominent sign in the majority of cases. However, the differential 
diagnosis between hemorrhage and thrombosis is sometimes quite difficult. 

Since there has also been an upsurge of interest in more active treatment 
of thrombosis of cerebral vessels producing strokes, by the use of antico- 
egulants, stellate ganglion blocks, vasodilatory drugs, etc., it must be clearly 
understood that these therapeutic measures which are being tried for cere- 
bral artery thrombosis are dangerous when applied to cases of cere! ral 
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hemorrhage. Conversely, craniotomy is of no earthly use in cases of thrombo- 
sis. This points up the importance of accurate differential diagnosis in these 
cases. It is no longer sufficient for a physician to make a diagnosis of a “‘cere- 
beal vascular accident.”” He may now wish to institute specific treatment, 
aad unless he can be sure of the diagnosis, he may treat a patient with hemor- 
rage with anticoagulants and increase the bleeding, or subject a patient, 
a ready debilitated by cerebral thrombosis, to a major operation unneces- 
sorily. 

In the nonfatal cases of hemorrhage, the clinical picture becomes stabi- 
lied and the patient may actually improve. Pulse, respirations, and temper- 
aiure may approach normal, and coma may lessen. The patient shows some 
spontaneous movements, groans, and responds to painful stimulation. The 
hemiplegia may now be more evident. Hemisensory deficits may become 
demonstrable. Visual-field defects may be picked up, and disturbance of 
speech can be demonstrated when the dominant hemisphere is involved. The 
inprovement, however, may be only transient, lasting perhaps a week or 
two. The vascular hypertension, which may not have been apparent in the 
acute stage, may reappear. Papilledema may develop. Additional bleeding, 
reactive cerebral edema, or hypostatic pneumonia may supervene and lead 
to a fatal outcome. 

The laboratory aids to diagnosis of cerebral hemorrhage have little to 
offer in the routine examination of the blood and urine, except for a leuco- 
cytosis in the peripheral blood varying between 12,000 and 22,000. 

Lumbar puncture may reveal clear, colorless fluid, with or without micro- 
scopic evidence of red cells, xanthochromic fluid, or grossly bloody fluid. 
However, in most instances the initial pressure is elevated (90 per cent 
according to Scott’). This again is in contrast to what is found in cerebral 
thrombosis, in which the fluid is usually clear, colorless, and under normal 
pressure. 

Plain roentgenograms of the skull may show displacement of the pineal 
shadow (in 4 of my 21 cases) toward the side opposite the hemorrhage, and 
occasionally (as in 2 of my cases) skull fractures sustained during a fall 
caused by the sudden onset of the hemorrhage.* 

The electroencephalogram is usually abnormal in cases of cerebral hemor- 
rhage. In those with deep-seated lesions the abnormal electrical activity may 
be diffuse, with the greater abnormalities lateralized to the side of the lesion. 
In the hemorrhages which reach closer to the cortex a sharp focus of slow- 
wave, high-voltage activity is often demonstrable. 

Cerebral angiography has been probably the greatest single stimulus to 
the reappraisal of these cases from the neurosurgical point of view. Danger- 
ous side effects or sequelae from the procedure have been largely eliminated. 
Even the patients in serious condition may be examined safely. This is 
especially true when an apparatus employing dual roentgen-ray tubes is 
used, so that only a single injection of opaque substance need be made to ob- 





* Intracerebral hemorrhage secondary to trauma is not here under discussion. 





326 LEO M. DAVIDOFF 


tain serial angiograms in both anteroposterior and lateral projections. Cer - 
bral angiography has multiple advantages. In cases of cerebral hemorrhag» 
not here under discussion, namely those resulting from ruptured aneurysi 
or vascular anomaly, the source of the bleeding may itself be demonstrabl:. 
But even in the cases in point—associated with hypertension and arteric- 
sclerosis—the presence of a mass and its exact localization is usually deter- 
minable from these studies. Except in the relatively rare instances of cerc- 
bellar hemorrhage, ventriculography, which is usually much less well toler- 
ated, may usually be excluded. 

The primary concern of the present essay is the surgical treatment of 
these patients in so far as they can be treated at all. Nonsurgical treatment 
is primarily supportive: To keep the air passages clear, to alleviate marked 
vascular hypertension, to try to reduce excessive intracranial pressure, to 
try to stop the bleeding by favoring coagulation. The accumulated blood, 
that is, the lesion itself, can be evacuated only by surgical means. The pur- 
pose of the operation should be, first, to interrupt the progressively increas- 
ing intracranial pressure which could be fatal if allowed to continue, and 
second, to minimize the sequelae. The finest surgical judgment, however, 
must be exercised in determining when the lesion is so small that nature will 
take care of it without interference, or when the hemorrhage is so massive 
and its effects so overwhelming that nothing can save the patient from a 
fatal outcome. In all other cases the surgeon must be prepared to operate. 

In the more favorable cases the usual course of events is the primary peri- 
od of shock and catastrophe, followed in a day or two by stabilization or 
even amelioration of the clinical picture, and after 8 to 14 days a secondary 
relapse. If there were a way of determining during the dramatic acute phase 
whether in a given case the stabilization or even amelioration were going 
to take place, surgical interference could be delayed until this period had 
been reached and before the downhill progress resumed. Unfortunately this 
is not always possible, and such authors as Hamby,* Guillaume,** Fazio,’ 
and Riishede® advocate early operation, especially in cases of hematomas of 
the temporo-occipital region, on the assumption that some who might other- 
wise die can thus be saved, while in the others nothing is lost anyway. 

Lazorthes, after evaluating all the available literature and based on his 
own experience, believed that the operation is best carried out, and with 
greatest hope of success, if it can be delayed until the end of the first week 
after the acute episode. My personal experience leads me to feel that the 
prognosis as to the operative results depends more upon the condition of the 
patient at the time surgery is undertaken than upon the time interval after 
the ictus. These two points of view are actually not very far apart. By ihe 
time a patient reaches the neurosurgeon’s hands, an interval of 4 or 5 days 
has usually intervened since the acute episode, and no time should be lost to 
complete the necessary work-up, including angiography, and to proceed with 
the operation if one is to be done. I believe the attitude, expressed partiu- 
larly by Riishede, that all patients should be operated upon since there is 
nothing to be lost, is forfeiting the surgeon’s power of discretion, wh ch 
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should, on the contrary, be exercised increasingly with his experience and 
ski!!. Obviously no good can come of operating upon patients who are com- 
ple'ely comatose, with high fever, rapid pulse, Cheyne-Stokes respirations, 
derisely bloody cerebrospinal fluid under high pressure, and a high degree of 
vascular hypertension. If, on the other hand, after a few days of supportive 
the apy, these signs improve, operation may then be indicated and may have 
son e chance for success. roway 

‘he method of operation should be by cranioplesty, with evacuation 
of te clot under direct vision, and occlusion of bleeding vessels if identified. 
The probing of the hemorrhagic cavity through drill holes, burr holes, or 
tre; hine holes, I believe, should be abandoned, except perhaps in a patient 
in cxtremis whose lesion is well localized, who fails to rally, and in whom a 
major craniotomy would surely be fatal. At best it is a job half done, since 
usually the lesion consists as much or more of solid clot than of liquid blood. 
There is, moreover, danger of additional brain injury, or even of opening a 
pat!iway for blood to enter the ventricles, if it has not already done so 
spontaneously. 

Concerning the results of operation in cases of intracerebral hematoma, 
the difficulty in evaluation is attributable to the marked variation of factors 
in the various reports. Obviously when cases of varying etiology are lumped 
together, the good results in young people without hypertension leaven the 
bad results in cases of older patients with hypertension and arteriosclerosis. 
In my own series there were 14 cases* of young patients without hyperten- 
sion, all of whom have survived, as against 21 older patients with hyperten- 
sion, of whom only 11 survived. This would give me an over-all mortality of 
about 28 per cent. However, the mortality in the 21 cases of patients with 
hypertension is 47 per cent, or even if we left out 2 cases in which death 
occurred after attempted ventriculography and before actual operation, the 
mortality would still be 8 out of 19 cases or 42 per cent. 

Lazorthes collected reports on 446 patients from the literature, of which 
124 died following operation; that is a mortality again of 28 per cent. But 
these, too, are cases of hemorrhage based on varying etiological factors. As 
far as his own cases go, out of a total of 35 patients with 34 operations, 17 
of which were in elderly hypertensives, there were 6 operative mortalities, 
of which 5 belong to the hypertensive group, or 29 per cent of the 17 cases. 

What condition the survivors are in some years after operation is quite 
another matter. The majority of younger patients without hypertension are 
fully restored to health. Seven out of 10 of my 14 patients who were followed 
for from 3 to 19 years, reported themselves to be in good health. Three were 
partially restricted by residual hemiparesis. Three of the 10 reported one or 
more convulsions, controlled by medication. 

In the hypertensive group, however, of the 11 who survived only 8 could 
be followed for from 2 to 23 years. Five of them were restored to full activity 
(one in spite of residual hemiparesis). One was partially restricted because 


* Two additional cases have been added since my report? in 1957. 
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of hemiplegia. Two are invalids because of hemiplegia and hypertens:5n. 

Of the mixed group of 446 cases from the literature referred to abc ve, 
there were 159 patients surviving operation, of whom 69 (35 per cent) were 
cured, and 90 (65 per cent) were suffering from sequelae. 

Of Lazorthes’ 17 patients with hypertension, the 12 survivors included 6 
_ who were fully restored and 6 who were suffering from sequelae. 
~——~Tn summary, then, the increasing longevity of our population is procuc- 
ing an increasing number of patients suffering from cerebral arteriosclerosis 
and vascular hypertension, giving rise to an increasing number of cases of 
intracerebral hemorrhage. 

The diagnosis of this condition, based on clinical and laboratory examina- 
tions including cerebral angiography, can be made quite accurately in the 
majority of instances. 

Treatment by supportive measures is indicated as the only therapy in 
some cases, and as adjunct to surgical treatment in others. 

Surgery is indicated in those cases in which massive hemorrhage occurs, 
and in which the patient is not obviously in eatremis. 

The results of surgical treatment are still not brilliant, either in terms of 
mortality or morbidity, but are so vast an improvement over the almost 100 
per cent mortality in the nonoperative cases that surgeons should persist in 
their efforts to acquire experience, and perfect technique in this field, in order 


to increase their effectiveness in the treatment of these patients. 
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PO:TOPERATIVE LOSS OF TEMPERATURE CONTROL—POIKILOTHERMIA* 
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isefore the days of ACTH and cortisone, radical excision of tumors in the region 
of the sella turcica was often fatal because of that béte noire of the neurosurgeon, 
hyperthermia. This was particularly true of the craniopharyngiomas. Recent®:*.!° 
experience has shown that tumors in the neighborhood of the hypothalamus may be 
attacked with much more confidence when the patient has been prepared with 
ACTH, in the presence of intact adrenals; or cortisone, whether or not the adrenals 
are functioning normally. It is now certain that, in some way, cortisone has an anti- 
pyretic effect on the hyperthermia that follows operations in the sellar region. 

We are conversant with hyperthermia, but, as far as I know, only two well 
documented cases of hypothermia with temperatures in adults at or below 94°F. 
for a number of days have found their way into the literature. 


CASE HISTORY 


A 32-year-old colored woman was seen at the University Hospital on Sept. 7, 1954, because 
of difficulty in vision. She had noticed this first as blurring and loss of visual acuity in the left 
eye in May, 1954. Visual acuity with correction on September 7 was OD 20/15, OS 20/200. 
The visual field in the right eye was normal, that in the left eye showed a nasal hemianopsia 
(Fig. 1). Funduscopic examination was entirely negative. The fields were repeated Sept. 24, 
1954, with identical findings. Roentgenograms of the skull showed no abnormality and the 
optic foramina were not enlarged nor was there any erosion in or about the sella turcica. 

The patient was urged to report for re-examination within 3 weeks, but did not put in an 
appearance until February, 1955 when she was admitted to the Hospital on the Neurosurgical 
Service. 

Examination. She could now only count fingers though the pupils still reacted to light 
and in accommodation, and there was a suggestion of a right homonymous hemianopsia. 
Her menstrual periods had previously been normal. Neurological findings were normal except 
for the visual fields. Lumbar puncture revealed an opening pressure of 65 mm. of water; total 
protein was 33 mg. per 100 cc. There were 6 cells per c.mm. and the blood and spinal fluid 
Kahn tests were negative. Roentgenograms of the chest revealed evidence of an old tubercu- 
lous scar, but showed no indication of active pulmonary disease. 

Course. During the first 3 days in the hospital, her temperature, taken by mouth, 
varied from 98.4° to 99.2°F. The pulse rate averaged 70, and respiratory rate 20. The blood 
pressure averaged 100/60 on the ten examinations before the arteriogram. A left-sided 
arteriogram Feb. 24, 1955 showed evidence of an enormous midline aneurysm, which meas- 
ured 4X4 em. (Figs. 2 and 3) on the films. It apparently arose from the left internal carotid 
artery just above the level of the siphon. Right-sided arteriography showed that both anterior 
cerebral arteries had filled though the aneurysm itself did not fill. There was marked lateral 


* Presented at meeting of the Harvey Cushing Society, Detroit, Michigan, April 26, 1957. 
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Fic. 1. Showing nasal hemianopsia secondary to lesion of the left optic nerve. 


displacement of the right internal carotid artery and superior displacement of both anterior 
cerebral arteries. 

Operation. On Feb. 25, 1955, under local anaesthesia, the left internal carotid artery was 
clamped for 1 hour with no untoward symptoms. The artery was then ligated and divided. 

Course. The following evening the temperature rose to 102°F. but fell to 99.4°F. within 2 
days. The patient showed abnormal somnolence but there was no weakness of the extremities 
and no aphasia. 

On March 2 (5 days post-ligation) at 4:00 a.m., her temperature suddenly rose to 104.6°F. 
At 10:00 a.m. it was found to be 105°F. when taken rectally. The blood pressure remained at 
110/80. She was both aphasic and irrational. Her normal menstrual period began the same 
day. 

Anticoagulants were administered immediately, and at 9:00 a.m. on the following day the 
clotting time was 35 minutes. During the course of the day a stiff neck developed and her 
pupils became dilated and reacted sluggishly to light. Her grip appeared to be equal in both 
hands. On lumbar puncture the opening pressure was 330 mm. of water. Many red blood 
cells were present and the fluid was slightly xanthochromatic after having been spun down. 
The anticoagulants were stopped at 10:00 p.M., at which time the clotting time was 35 
minutes. She was given vitamin K and protamine sulfate. 

On March 5 the patient was completely aphasic and very lethargic. 

On March 17 her rectal temperature fell to 95°F. and did not rise above 94.2°F. on the 
following day. The bladder was catheterized and the temperature of the urine was found to 
be 92°F, 

On March 19, cortisone was started, 100 mg. by mouth and 100 mg. intramuscularly. 
Then 100 mg. was given once daily by mouth. By March 21 the temperature had gradually 
risen to 97.6°F. by mouth and there was no further hypothermia until after the next opera- 
tion. Between March 23 and March 30 the cortisone was gradually reduced to 12.5 mg. daily. 

At the beginning of April the patient had made no progress, remained totally incontinent, 
and was almost blind. It was decided that the aneurysm should be removed. On the day prior 
to and on the day of the operation the patient was given cortisone, 100 mg., intramuscularly. 
On April 5, the day of the operation, a right-sided arteriogram was performed. The aneurysm 
did not fill but the internal carotid and anterior cerebral arteries demonstrated the same 
deformities as they had shown on the first arteriogram. 

2nd Operation. After a transcoronal incision had been made, a left-sided frontotem »oral 
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o-teoplastic flap was turned down under nitrous oxide-Surital anaesthesia. The bone flap 
extended to within 1} inches of the midline and to just above the frontal sinus. After the dura 
mater was exposed the blood pressure was reduced from 120/80 to approximately 90/60 by 
ng intravenous Arfonad. 
The dura mater was quite relaxed, showing that there was no increase in intracranial 
sssure. The dura mater was then opened anteriorly and medially. Lumbar drainage was 
c.rried out through an inlying needle. The left frontal lobe was elevated and the aneurysm 


Fic, 2, Arteriogram showing suprasellar aneurysm arising from left carotid artery. Arrow points to 
sella turcica. There is no evidence of pressure upon the hypophysis. 


was identified in the suprasellar area. The left optic nerve was pushed to the right. It was 
markedly thinned out and flattened. The frontal lobe was gradually elevated from the aneu- 
rysm, exposing its dome. One vascular connection which was thought to have arisen from the 
left internal carotid artery entered the aneurysm inferiorly and was divided between clips. 
A portion of the left frontal lobe around the aneurysm was removed by electrocoagulation. A 
needle was placed in the aneurysm, but only 2 cc. of old dark blood were obtained. The 
aneurysm was then opened at the dome and some old clotted blood was suctioned out. There 
was considerable organized clot within the aneurysm, but little evidence of fresh hemorrhage. 
The dissection around the aneurysm was continued, and the anterior cerebral arteries, to- 
gether with the anterior communicating artery, were identified lying on the posterior- 
superior wall of the aneurysm. These structures were dissected from the aneurysm without 
incident. The entire mass, larger than a walnut, was now removed. The left optic tract was 
flattened, but the chiasm and the right optic nerve were intact. A thin membrane was seen 
behind the chiasm and this was believed to be the lamina terminalis. The posterior clinoid 
processes were easily identified. It was also thought that the pituitary stalk could be seen. 
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The left internal carotid artery could not be readily identified. The right carotid artery and 
the right 3rd nerve were well seen. The aneurysm had certainly pushed backwards into t!-e 
hypothalamus and probably into the anterior part of the midbrain. The incisura could |e 
identified. 

As has been stated, after the dura mater was opened, an intravenous drip of Arfonad 
was administered in order to lower the blood pressure. For a time during the procedure, tl:e 
blood pressure was unobtainable, though the pulse continued to be of good quality. After tlie 


Fic. 3. Anteroposterior arteriogram showing midline location of the aneurysm. 


aneurysm was removed, Neo-synephrine was given intravenously after the Arfonad had been 
discontinued. The blood pressure rose to 130. The dura mater was closed tightly, the bone 
flap was replaced and the scalp was sutured in one layer. The estimated blood loss was 300 ce. 
The patient was given a transfusion of 300 cc. of blood and 650 ce. of saline. 

Postoperative Course. In the Recovery Room, the patient’s blood pressure was 150/100, 
pulse rate 100, and respiratory rate 20. The skin was cool and dry. The rectal temperature 
was 96°F. Three hours later the patient was transferred to the ward at which time she re- 
sponded to commands. Her temperature was now 97.2°F. and it was noted that the skin was 
warm and dry. For 3 days it was necessary to maintain the blood pressure with Levopl: 
A right-sided hemiplegia was noted immediately following the operation, but this ! 
cleared almost entirely at the end of 3 days. At this time the patient could count fingers 
either eye. 

Cortisone 50 mg. t.i.d. was given for 6 days after the operation and then was tapered 
to 12.5 mg. b.i.d. over the next 5 days. The temperature was 103°F. on the 1st postoperative 
day but had returned to normal by the 3rd day. It remained within normal limits until A»ri 
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TABLE 1 
Chart showing period of hy or ia and hyperchloremia* 








Date | 








4/18/55 | s/i9/ss | 4/20/55 | 4/21/55 5 | 4/92/55 | 4/25/55 | 5/8/55 4/15/87 
Slum mEq/L. plasma | 174 | 165, | 160 | 155 158 | 156 | 145 144 
C loride mEq./ ‘1. plasma 132 | 130 122 118 ;} 118 | 114 112 
( combining power } | | } 
nEq./l. 32 26 | | 2 | 34 so. | 27 24 
P. ‘assium mEq./I. serum | 3.9 5 | 4.9 4.4 4.0 | 4.3 4.7 4.2 
N.P.N. | | 48 | 30 | 30 30 29 
Urine Sp. gr. 1.021 | | Fantus test | 6/3/55 
Neg. sugar | } 6 gm. NaCl/l. | Hickey-Hare test 
| Neg. protein neg. for diabetes 





insipidus 





* Fluid intake and output studies one evidence of previous de Nitesthen, We do not believe that it is necessary to 
po-Lulate a lesion of the brain as a direct cause of the electrolyte disturbance. 


1' (12th postoperative day) when it was recorded late in the afternoon at 100.2°F. by mouth. 
Tlie patient had been becoming increasingly lethargic over the 2 previous days. On the 
evening of April 17 the patient was given cortisone, 100 mg. I.M. and orally as well. 

On April 18 the systolic pressure could no longer be determined aurally though palpation 
of the radial pulse showed a systolic pressure of 90. Electrolyte studies showed that the patient 
was now in severe hypernatremia and hyperchloremia, and that she was undoubtedly de- 
hydrated (Table 1). She was given 3000 ce. of 5 per cent glucose with 9 gm. of potassium 
chloride added, and on the following day, 3 gm. of potassium chloride in 2000 ce. of 5 per cent 
glucose. On April 25, it was believed that the acute situation of fluid and electrolyte bal- 
ance was under control. Cortisone was reduced over a 7-day period to 12.5 mg. and was then 
discontinued. 

On May 2 a rectal temperature of 95°F. was recorded. For the next 12 days the patient’s 
temperature remained almost continuously low, the highest rectal temperature being re- 
corded at 97.6°F., the lowest at 93°F. From May 15 to June 8 the temperature was taken 
twice daily (Fig. 4). With two exceptions a temperature of 95.6°F. and one of 95°F., the 
thermometer never rose above 94.4°F. The lowest rectal temperature recorded during this 
period was 92°F. 

From the immediate postoperative period to the development of her hypothermia, the 
patient had been incontinent and confused. She was often lethargic; and, at times, negativistic 
and belligerent. She was always extremely withdrawn. Serpasil, 0.25 mg. t.i.d., was started 
May 10. Within 2 days marked improvement was noted: for example, she no longer vehe- 
mently refused her food. Her despair and profound withdrawal also diminished. She soon 
became cheerful and cooperative though at times she was still confused and incontinent. 
On May 25, the patient was up and around the ward assisting the nurses in making beds. She 
received her last Serpasil on June 7. After Serpasil was discontinued there was no change in 
her mental status. The trend of the temperature for the next 6 days was roughly a degree 
higher, and, on June 13, the day she was discharged, the temperature was 95.6°F. by mouth. 

This patient when first admitted had a blood pressure which averaged 100/60. During the 
time of the hypernatremia the blood pressure could be determined only by manual palpation 
of the radial pulse. After the period of hypernatremia the blood pressure averaged 90/65. 
During the period of hypothermia in the 13 days before discharge, the blood pressure average 
was 110/80. It was only during this latter period that the pulse rate noticeably slowed, and 
averaged 48. There appeared to be no definite relationship between temperature, blood pres- 
sure and pulse. The fasting blood sugar on May 4, 1955 was 80 mg. per cent, and on May 5, 
88 mg. per cent. 

During the period of hypothermia the rate of estrogen excretion was less than 4 R.U./day; 
the quantitative FSH. test was negative at 6 M.U./day; the 17 hydroxysteroids were 2 
mg./day; the 17 ketosteroids were 3.6 mg./24 hrs. This evidence of hypoadrenalism may 
have been caused by suppression of the adrenals by cortisone rather than a result of the 
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hypothalamic lesion. As demonstrated by the arteriogram, the position of the aneurysm 
over the sella turcica did not suggest significant compression of the hypophysis. 

The patient returned for checkup on June 23, 1955. She was taking no medication and 
her temperature was 98.4°F. (R). She was doing very well and could read fine print. 

She was seen again April 15, 1957. She was extremely good-natured and cooperative. 
She had been getting around by herself and was acting as a baby sitter. Psychiatric examina- 
tion suggested a mild organic brain syndrome, but the psychiatrist thought that she was 
ready to return to her former occupation of file clerk. Visual fields showed mild upper quad- 
rantic right homonymous hemianopsia. Visual acuity with correction was 20/20 OD, 20/30 
OS. A 16-hour concentration test showed a specific gravity of the urine of 1022. Recumbent 
blood pressure was 126/76, standing 122/80. It was concluded, from skin temperature studies 
and the galvanic skin reflex, that she had normal circulatory and sweat responses. Electrolyte 
studies showed serum sodium 144 mEq./1, plasma chloride 112 mEq./1., serum potassium 
4.2 mEq./1, carbon dioxide combining power 29 mEq./1. The blood N.P.N. was 30 mg. 
per cent. The protein-bound-iodine was 5.8 gamma per cent. The fasting blood sugar was 86 
mg. per cent. 

DISCUSSION 


At first glance one might conclude that this case represents a disorder of the 
temperature-regulating mechanism against cold alone; that is, hypothermia. With 
a body temperature that seldom rose to above 94.6°F. during the period of hypo- 
thermia, it is difficult to realize that temperature regulation against heat was dis- 
turbed as well as that against cold. 

The body protects itself against heat by sweating and vasodilatation. Following 
her operation our patient was never observed to sweat; and dermometer studies, 
carried out in a warm room after baking of the body, showed ao evidence of sweatir g. 
When the entire body was heated there was an inordinate rise in body temperat re 
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(7°... in $ hours) and this would never have occurred in an individual with normal 
thermostatic control against heat. We are dealing, then, with a patient who has 
lost thermostatic control of both heat and cold; and although the striking feature 
of te case was hypothermia, it should really be classified as a true case of poikilo- 
ther nia. 

. case comparable to ours was described by Davison and Selby in 19354 as 
hyp thermia. Their patient was a 31-year-old man who maintained a marked hypo- 
ther mia for 3 months prior to his death. During the first month of his period of 
hyp thermia his temperature remained, for the most part, at 93°F. During the next 
mor th, his maximum temperature was 97.6°F., the minimum 90.8°F. When the 
pationt was immersed in a hot water bath at 108°F., his temperature rose from 
93.6’ F. to 100.1°F. in 25 minutes. This patient also showed evidence of diabetes 
insipidus. It was revealed at autopsy that there was total destruction by an angioma 
of the nuclei in the region of the tuber cinereum, the mammillary regions and the 
lateral hypothalamic nuclei at the level of the mammillary bodies. Their case was 
reported as the first really profound incidence of hypothermia caused by a hypo- 
thalamic lesion; but, as in our case, it was really true poikilothermia. The fact that 
the iemperature of the mouth with the patient in a hot bath rose 6.5°F. in 25 minutes 
showed that protection against heat was markedly deficient as well as protection 
against cold. It was also stated that this patient “did not perspire on the hottest 
day,” which is further evidence that control against heat was deficient. 

Normally man protects himself from excessive heat by dilating his peripheral 
blood vessels and by the cooling effect of the evaporation of the sweat he has se- 
creted. A center in the anterior hypothalamus for protection against heat!?-* has 
been postulated by a number of investigators; and there is ample clinical evidence 
for the existence of such a center. From the anterior hypothalamic area, the so- 
called anterior hypothalamo-tegmental path’ proceeds through the lateral hypo- 
thalamus to the midbrain where it synapses before running to the spinal cord where 
it ends around cells of the intermedio-lateral cell column in the dorsolumbar area. 
It is believed that protection against heat is mediated through this tract, stimula- 
tion of which induces sweating and inhibition of peripheral vasoconstriction. 

Normally man protects himself against cold by peripheral vasoconstriction and 


| by the increased heat production which results from the muscular effort of shivering. 


In the medial part of the caudal hypothalamus (nucleus ventromedialis) are cell 
bodies which are believed to initiate peripheral vasoconstriction. From these cells 
there arises the posterior hypothalamo-tegmental tract? which turns laterally in the 
caudal hypothalamus to come into close proximity with the anterior hypothalamo- 
tegmental tract. It is easy to see how a bilateral lesion of the caudal hypothalamus? 
could produce loss of protection against both heat and cold (poikilothermia) by 
involvement of tracts rather than centers. The lesion described in the present case 
was a large midline one which must have extended back to the mammillary bodies. 
Since diabetes insipidus was never demonstrated in our patient, the anterior hypo- 
thalamus undoubtedly escaped damage by gradually ascending with the slowly 
enlarging aneurysm. The caudal hypothalamus is more firmly fixed as it emerges 
from the rigid incisura and probably bore the brunt of the pressure of the aneurysm. 
The anterior and posterior hypothalamo-tegmental tracts might also have been 
involved in the subrubral gray of the midbrain (Fig. 5). 

A case has been well documented by Kaplan e¢ al. 7 in which it was shown that 
following a partial removal of a tumor from the right posterior frontal lobe, the 
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patient never regained consciousness and a profound hypothermia developed wi] ich 
lasted until his death a few weeks later. At autopsy a hemorrhage was found in the 
tegmentum of the midbrain which undoubtedly had resulted from pressure chai ges 
associated with the operative procedure. Kaplan et al., in our opinion, prop«rly 
attributed the temperature disturbance to the midbrain lesion. One need not postu- 
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late centers for temperature contro! in 
the midbrain since the tracts that medi- 
ate temperature control from hypotiial- 
amic centers traverse the midbrain jn 
the subrubral gray. 

When we speak of vasodilatation of 
peripheral vessels in response to body 
heating this does not necessarily mean 
active vasodilatation under nervous 
control. According to White e¢ al.," in- 
direct vasodilatation of an extremity, 
that is, the vasodilatation produced by 
heating other parts of the body (includ- 
ing the hypothalamus) must be ‘due 
solely to central inhibition of vasocon- 
strictor fibers.”’ In other words, the tem- 
perature-regulating center against heat 
in the anterior hypothalamus may have 
fiber connections with the vasocon- 
strictor centers in the posterior hypo- 
thalamus so that when this hypothetical 
tract is stimulated, vasoconstriction is 
actively inhibited and vasodilatation re- 
sults. 

From Table 2 it can be seen that on 
June 6, during the patient’s period of 
hypothermia, the temperature of the 
left great toe was 31.8°C. in a cold room 
and 32°C. in a warm room. According to 
White et al., the temperature of the great 
toe of the normal individual at room 


temperature is around 21°C., while that of the calf is approximately 26°C. Our 
patient showed no temperature gradient between the calf and the great toe. Mavi- 
mum vasodilatation gives rise to a “temperature of the digits of about 93°F. 
(33.5°C.).”’ It can readily be seen that in the lower extremities, at least, maximum 
vasodilatation was approached; and this vasodilatation was maintained in a chang- 
ing environmental temperature. 

Felder et al.,> in 1954, studied the relationship of skin temperature of the toes to 
blood flow as measured by the plethysmograph. They concluded that at room tem- 
perature of 20.5°C.+2°C. (68.9°F.), it appears appropriate for clinical purposes to 
convert relatively constant skin temperature of a toe to volume blood flow per unit 
time. According to their studies, a constant skin temperature of 24°C. indicates a 
blood flow of 3 ml./100 ml./min.; a skin temperature of 29°C. indicates a bloo flow 
of 10 ml./100 ml./min.; and a skin temperature of 32°C., a flow in excess of 30 
ml./100 ml./min. Since the normal temperature of the toes is around 21°C , we 
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POSTOPERATIVE LOSS OF TEMPERATURE CONTROL 


TABLE 2 


Showing sweat and temperature studies 





5/25/55 | 6/6/55 | 6/8/55 





Reflex Cooling Cold Room 1:15 P.M. 


Hands in ice water | Lt. great toe 31.8°C, Temp. (M) 93.2°F. (34.0°C.) 


I 
I 
I 


1 


ermocouple It. great toe Lt. calf 31.8°C. Aspirin gr. 15—hot drinks 


),0°C. change in 10” Body bake 


| Warm Room 2:30 P.M. 

to It. calf | (Body bake on) Temp. (M) 95.4°F. (35.2°C.) 
ermocouple It. great toe | Lt. great toe 32.0°C. 3:30 P.M. 
—0.2°C. change in 10” | Lt. calf 32.0°C. Temp. (M) 98.4°F. (36.9°C.) 

Reflex Heating | 4:15 P.M. 
th hands in water 44°C, (local | Dermometer showed no evidence | Temp. (M) 100.2°F. (37.9°C.) 
jushing of hands) | of sweating over body in gen- | Total rise 3 hours 7°F. (3.9°C.) 
ermocouple It. great toe | eral; including neck, breasts | 
).0°C. change in 10” and axillae 








estimate that during our patient’s period of hypothermia the blood flow to the toes 
was more than ten times that of the normal individual. When one considers that the 
temperature of the calf was 32°C. whereas that of the normal approximates 26°C., 
the fact of increased surface blood flow to the lower extremities is apparent. Though 
we have no proof that the upper extremities behaved similarly, it is certainly prob- 
able. We believe, therefore, that the reason our patient was hypothermic was be- 
cause her extremities were acting as huge uncontrolled radiators. We also believe that 
our patient lacked control against heat when her body was baked because the dilated 
surface vessels of her extremities absorbed more heat into the blood stream than is 
usual and the cooling effect of sweating was absent as well. 
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RESULTS OF SURGICAL TREATMENT OF INTRACRANIAL METASTASIS 
FROM PULMONARY CANCER 


REPORT OF A CASE WITH FIVE-YEAR SURVIVAL 


Louis Baxay, M.D. 
Department of Neurosurgery, Massachusetts General Hospital, Boston, Massachusetts 


(Received for publication May 13, 1957 


The increase in frequency of lung cancer of the population confronts neuro- 
surgeons with the aspect of an increased number of cerebral metastases. Although 
the indication for surgical removal of these tumors must remain on an individual 
basis, no reasonable policy can be formulated without knowing the chances of sur- 
vival and relief from symptoms. 

In neurosurgical statistics metastases of bronchopulmonary origin represent 16 
per cent,!° 23 per cent’ and 48 per cent’ of all cerebral metastases. Lesse and Netsky*® 
concluded from their autopsy material of 595 cancer patients that lung cancer 
metastasized to the central nervous system with great frequency, giving rise to 
cerebral implants in 50 per cent of the cases. However, one-third of the metastatic 
tumors were asymptomatic in life and probably developed shortly before death. 
Similar data have been given by Knights.’ 

There is fairly good agreement among various statistics that about one-third of 
the metastases to the cerebrum are solitary.'*:!° These figures are not broken down 
according to the origin of the neoplasm. However, of 85 examples of cerebral metas- 
tases of bronchial origin studied by Flavell,‘ 26 were solitary and in 8 of these cases 
the cerebral lesion represented the only metastasis in the body. On the other hand, 
King and Ford® concluded from their 100 cases of metastases to the central nervous 
system from carcinoma of the lung that the deposits in the brain are usually multiple 
and of relatively small size. 

There is general agreement on the bleak outlook of patients with pulmonary and 
cerebral lesions. Metastases to the brain from cancer of the bronchus are among the 
most malignant and the average survival from the first neurological symptoms is 
not more than 3 months® or 6.6 months.'° 

With a high operative mortality and poor postoperative prognosis it is no wonder 
that follow-up data are rare. In the large series of Olivecrona!® the average post- 
operative survival of all patients with metastatic lesions was shortest in those with 
lung cancer, a mere 2.6 months. Only 2 of the 15 surviving patients lived over 6 
months and none over 12 months. Yet there are individual cases in the literature that 
give evidence of occasional better results. Two of Petit-Dutaillis’ patients lived 15 
and 17 months respectively following the removal of cerebral metastases; 1 also had 
the pulmonary lesion removed.’ 

In the 10 years between 1945 and 1955, 64 patients with intracranial metastases 
of known primary site were operated upon on the Neurosurgical Service of thie 
Massachusetts General Hospital. A seemingly complete removal of the lesion 
attacked was performed in 50 cases, partial resection in 8 cases and decompression 
alone in 6 cases. The primary tumor was situated in the lung in 27 patients (42 per 
cent). 
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“able 1 shows the relative survival period of those 62 patients who were followed 
up <losely. 

Of the 4 patients who survived over 1 year following the removal of a cerebral 
met stasis of nonpulmonary origin, 3 had had carcinoma of the breast removed 
before the onset of intracranial symptoms. Two lived 18 and 27 months respectively 
afte’ craniotomy. The third patient is still alive 3 years later. The fourth patient in 
this group died 16 months following the removal of a cerebral metastasis which 
orig nated in the Fallopian tube. 

‘he survival of patients with metastasis from the lung was very short indeed, 
although this group included 4 who had had previous pulmonary resection. They did 
not .are better than those who had had no pulmonary surgery. Of this entire group 


TABLE 1 


Results of operation for intracranial metastatic tumors 








Postoperative Datel nena in Lung iin Elsewhere 
~ @ Imonth——<“‘i~‘“‘;*é«s (SC)COC~“‘“C‘CO;C*CO*;*‘«UMR(SNWSGY~CO~*~*«~*# 
1- 6 months 13 (46.4%) 12 (34.3%) 
ie parry 1) 0.1%) va1.4%) 
7 Total SS—S—~S=« (100%) $5 (100%) 








about half of the patients died within 4 weeks and the other half in less than 6 
months. One patient lived 10 months and was able to work for the first 7. Only 1 
patient lived for 5 years, quite unexpectedly, and his story will be given in full 
detail. 

Whether the increasing number of combined resections of primary and secondary 
lesions will improve the generally bleak outlook of these patients remains to be seen.” 
Complete cure is theoretically possible. A patient of Flavell’s* is alive, well and 
working, 10 years after the resection of both pulmonary and cerebral lesions. 

The following case demonstrates an unusually long survival following removal 
of a cerebral metastasis in a patient whose pulmonary cancer was not resected. 


CASE REPORT 


rewe 


#755751. G.W., a 42-year-old man, was admitted to the Massachusetts General Hospital 
on Oct. 22, 1951 with a chief complaint of headaches. He had always been a heavy smoker 
and had “‘cigarette’’ cough, but 5 weeks before admission he once coughed up a small amount 
of blood. 

Examination. The most striking finding was very marked papilledema of both eyes. The 
reflexes on the left side were somewhat livelier than on the right but the limbs were not 
spastic and abnormal reflexes could not be elicited. Position sense may have been somewhat 
diminished over the left side of the body. In spite of his complaints of occasional unsteadiness 
and clumsiness of the left hand he performed tests of coordination quite well. 

Roentgenograms of the skull were not remarkable. Films of the chest demonstrated a 
mass, about 5 cm. in diameter, surrounding the upper portion of the root of the left lung and 
radiating anteriorly and superiorly into the anterior and apical segments of the left upper 
lobe. Through the bronchoscope a papillary carcinoma was seen occluding the superior di- 
vision of the bronchus to the left upper lobe without fixation. Electroencephalogram was 
abnormal with slow activity of low voltage over the left temporal lobe and also, to a lesser 
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extent, over the posterior half of the right hemisphere. This suggested that the patient m ght 
have two separate lesions. 

Ventriculography revealed a massive shift of the ventricular system with local defortiity 
indicating a lesion in the right parietal lobe. 

Operation. Right parieto-occipital craniotomy was performed and a walnut-sized solid 
tumor was removed from the parietal lobe. The surrounding white matter was markodly 
edematous and a considerable amount of it had to be sucked out in order to permit closure of 
the wound. I was convinced that the patient would not survive the subsequent edema o! the 
brain, so the lower edge of the dural flap was left open and also the lower part of the hone 
flap was removed before closing it. The tumor proved to be a metastatic papillary adeno. 
carcinoma. 

Postoperatively the patient did extremely well. A complete left homonymous hemianopia 
developed which proved to be permanent. He also showed evidence of right parietal symptoms 
as manifested by lack of awareness of the position of his left arm, “‘sensory inattention” over 
the left side of the body and astereognosis. These parietal signs disappeared within the first 
postoperative year. The papilledema also resolved. He was discharged 16 days after operation, 

Subsequent Course. In December 1951 the patient was evaluated as to the treatment of his 
lung cancer. In the meantime he had had several episodes of hemoptysis and some pain had 
developed over the left 5th rib. He had lost 10 pounds of weight. Roentgenograms of the chest 
revealed further progress of pneumonitis distal to the bronchial obstruction and further 
collapse of the left upper lobe. There was also some upper mediastinal shift to the right. How- 
ever, by bronchoscopy the tumor still looked resectable. After a considerable amount of 
hesitation and consultation the idea of lobectomy was rejected and roentgen-ray treatment 
to the lung lesion was decided upon. This decision was based partly on the limited pulmonary 
function and to a great extent on the fact that a metastasis had already been removed and 
there was fairly good evidence by electroencephalography as to the presence of another 
metastasis in the left temporal area. 

By March 1952 roentgen-ray treatment was completed. An estimated dose of 3,000 r was 
delivered to the left upper lobe. At this time he was very well from a neurological point of 
view with occasional small blackout spells which were controlled by Dilantin. He started to 
work again. 

Following radiological treatment his lung tumor regressed remarkably and actually re- 
solved, leaving a lineal scar in the left upper lobe which showed no change during the subse- 
quent years. His hemoptysis ceased by the end of 1952. He gained weight and looked remark- 
ably well. At the same time the area of parietal decompression increased considerably in size. 
However, there were no clinical signs of increased intracranial pressure nor was there any sign 
of this on roentgenograms of the skull. 

In March 1956 he became blind and occasionally disoriented. He was ataxic but there was 
no definite motor or sensory abnormality, nor were there any long-tract signs except for a 
positive Babinski reflex on the right side. The prolapse over the decompression contained 
fluid and could easily be transilluminated. Lumbar puncture revealed an initial pressure of 
220 mm. with a protein of 118 mg. per cent. An air study was done by injecting air into the 
prolapse. A wide communication between this huge cyst and the ventricular system was de- 
tected. 

In the second half of 1956 the patient showed increasing signs of psychosis. He was dis- 
oriented and for much of the time was mentally confused. At the beginning of this period he 
was indifferent, apathetic and withdrawn, but later he became more and more agitated and 
had frequent hallucinations. All during this time he was blind, unsteady and comp!ained 
frequently of increased pressure in his head. He died on Jan. 27, 1957. 

Autopsy. Thorough exploration of the bronchial tree revealed no evidence of tumo:. The 
left bronchus, in the branch extending upward toward the upper lobe, was narrowe:! and 
presented a thickened wall showing evidence of scarring, presumably from the ext«nsive 
roentgen-ray treatment given 5 years previously. There was no evidence of tumor tissue »vithin 
either lung nor any area suggestive of the primary lesion that was present 5 years | cfore. 
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\ very extensive area of the right cerebral hemisphere, involving the parietal, temporal 
and occipital lobes, was blown outward by a cyst covered with a thin layer of cortical tissue 
attached to the markedly stretched dura mater. This contained 500 cc. of clear cerebrospinal 
fluid. A widely gaping hole connected the cyst with the right lateral ventricle. Serial section 
of tiie right hemisphere revealed encephalomalacia involving the entire posterior half of the 
hem sphere, but no evidence of tumor. The frontal area of the hemisphere was quite normal. 
Seri: | section of the left hemisphere showed a roughly oval mass of tumor (metastatic carci- 
nom) within the inferior and mesial surface of the hemisphere and bulging into the posterior 
horn of the lateral ventricle. The tumor was 7 cm. in length and 33 cm. in average diameter. 
It compressed and occluded the posterior portion of the third ventricle and aqueduct, causing 
inter2al hydrocephalus. Circulation in the left posterior cerebral artery must have been 
greaily impaired as manifested by softening of the left posterior parietal and occipital lobes. 
No other tumors were found in the brain or anywhere else in the body. 


COMMENT 


‘The outlook for patients with cerebral metastasis from bronchopulmonary cancer 
is poor despite the fact that such a metastasis is not infrequently solitary. However, 
resection of the metastasis when situated in a nonvital part of the brain and followed 
by pulmonary resection or energetic radiation of the lung lesion is indicated because 
in occasional cases it can prolong useful life for a considerable length of time. 
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REPORT OF THE FIRST INTERNATIONAL CONGRESS OF NEUROLOGICAL 
SCIENCES, BRUSSELS, BELGIUM, JULY 21-27, 1957 


The six medical disciplines that formed the First International Congres: of 
Neurological Sciences met first in joint session and then separated into their sec- 
tional meetings. 


JOINT SESSIONS 
SYMPOSIUM ON EXTRAPYRAMIDAL PATHOLOGY 


Under the direction of Professor Raymond Garcin (Paris, France), the sym- 
posium on “Extrapyramidal Pathology” expressed, but did not answer, many of 
the problems that have arisen with the current reawakened interest in abnormal 
involuntary movements. One of the major problems was to explain the success of 
the treatment of Parkinsonism and other disorders of involuntary movement by 
making lesions in the globus pallidus. P. C. Bucy (Chicago, Ill., USA) was of the 
strong opinion that all the benefits from this type of treatment result from destruc- 
tion of a portion of the pyramidal fibers of the internal capsule adjacent to the globus 
pallidus. The investigators who have had considerable experience with the surgical 
treatment of Parkinsonism, led by A. E. Walker (Baltimore, Md., USA) and H. 
Narabayashi (Tokyo, Japan), were of the opinion that lesions of the globus pallidus 
have a specific beneficial effect upon the ‘“‘extrapyramidal diseases,” and do not 
depend upon damage of the pyramidal system. The neurophysiologists reported 
some basic work which will aid in the measurement of motor control from higher 
centers and promises to shed future light on the control that the globus pallidus 
exerts upon the rigidity and tremor of Parkinsonism. R. Granit (Stockholm, Sweden) 
reported on his investigation of the “gamma loop” with intracellular electrodes. 
These loops connect small neurones in the anterior horns of the spinal cord with 
muscle spindles. A discharge from the gamma loop activates the muscle spindle and 
precedes all but the very fast reflex contractions of a muscle bundle. The activity 
of the loop is a facilitatory influence on the ventral horn cells. The gamma cells are in 
turn facilitated by supraspinal centers, particularly the reticular activating system of 
the brain stem. The interchange of facilitatory stimuli between the reticular activat- 
ing system and various portions of the basal ganglia was eluded too frequently by 
the clinicians in their discussion of extrapyramidal disorders. Data gathered from 
stimulation and pickup studies with implanted electrodes in human subjects, led 
F. A. Mettler (New York, N.Y., USA) to believe that the globus pallidus is the 
highest level of the proprioceptive circuit. An attempt to use these neurophysio- 
logical data clinically is being made by G. Schaltenbrand and Hufschmidt (Wiirz- 
burg, Germany). They measure tension, resistance and the electromyograph in 
extremities that are being put through a standard routine of passive exercise by a 
motor. They feel that the gamma loop system is responsible for the alterations in 
rigidity and tremor which they demonstrated during changes of emotional state 
and other bodily functions in individuals with extrapyramidal disorders. 

Both J. G. Greenfield (London, England) and R. Hassler (Freiburg, Gern:any) 
believe that the primary cause of the symptoms of Parkinsonism is a lesion i the 
zona compacta of the substantia nigra. A statistical study made by J. W. T. Rec ‘earn 
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(Forest Green, England) of all the reports of postencephalitic Parkinsonism since 
1/23 also indicated that those with marked tremor had lesions of the substantia 
n gra. Those without much tremor had lesions in the substantia nigra, but they had 
aiditional lesions in the reticular formation of the brain stem. He concluded that 
tlhe lesion in the reticular formation had either prevented the tremor from develop- 
ig or abolished it after it had developed. L. H. Schreiner et al. (Rochester, Minn., 
U5A) produced tremor, cogwheel rigidity and poverty of movement and facial ex- 
pression in monkeys by making lesions in the reticular formation of the midbrain 
in:mediately overlying the substantia nigra at the level of the red nucleus. These 
s\mptoms could be stopped in the contralateral limbs by making lesions in the 
cvudal portion of the globus pallidus. Greenfield was of the opinion that the chorei- 
form movements of choreo-athetosis are caused by a lesion in the corpus Luysii, and 
the spastic component of the disorder arises from scattered lesions in other parts of 
the basal ganglia. 


SYMPOSIUM ON THE STATES OF CONSCIOUSNESS IN NEUROLOGY 

This symposium brought up again the old discussion of how much of the brain 
is needed to preserve consciousness. F. M. R. Walshe (London, England) is of the 
opinion that consciousness demands all the structural facilities that the nervous 
system can provide. Percival Bailey’s (Chicago, Ill., USA) idea that consciousness 
is most profoundly disturbed by lesions of the brain stem between the “hypothalamus 
and bulb” met with the approval of most of the neurosurgeons. It is a well-known 
finding that alterations in the conscious state can be produced by stimulation of 
the medial and inferior areas of the human frontal and temporal lobes. An extension 
of these studies indicates that “arousal” can be produced by stimulation in many 
of the thalamic nuclei as well as in the external portions of the globus pallidus. 
Wilder Penfield’s (Montreal, Canada) statement that the support of consciousness 
depends upon a constant flow of impulses from the higher brain stem to the cortex 
and back, was nicely illustrated by the presentation of P. Solomon et al. (Boston, 
Mass., USA). These investigators exposed human subjects to “sensory isolation” 
in a tank-type respirator for 24 to 72 hours. Some of the subjects, after being de- 
prived of external stimulation, exhibited alterations in the conscious state and be- 
came disoriented, confused and had hallucinations. 

Studies of deeply comatose patients by M. Nathanson et al. (New York, N.Y., 
USA) showed that the absence of oculocephalic and caloric responses is not specific 
for lesions of the brain stem as these reflexes are also absent in other conditions 
that give rise to coma. Acting upon his interesting theory that the choroid plexus is 
a “dangerous organ” in the presence of increased intracranial pressure, F. A. 
Verbeek (Groningen, Holland) performed 106 choroid plexectomies which improved 
the state of consciousness of 88 of the patients so treated. 

Sixteen cases of unconsciousness following vertebral angiography were studied 
electroencephalographically by A. Lundervold (Oslo, Norway). The patients that 
demonstrated filling of the posterior cerebral arteries had theta and delta waves by 
electroencephalography. Some of these also had a homonymous hemianopia. Con- 
genital anomalies of the vertebral and basilar arterial systems occurred in a fairly 
large percentage of these patients. He conjectured that damage to the structures 
supplied by small pontine arteries was responsible for the alterations of conscious- 
ness. He did not state how long or profoundly consciousness was altered. 
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FIRST INTERNATIONAL CONGRESS OF NEUROLOGICAL SURGERY 
SYMPOSIUM ON THE THERAPEUTIC USE OF HYPOTHERMIA 


Hypothermia is gaining widespread acceptance as a means of treating disease «{ 
the nervous system and as an adjunct to neurosurgical operations. E. H. Botter« 
(Toronto, Canada) presided over the symposium and presented a rather complete 
picture of spontaneous intracranial hemorrhage. The mortality rate is extremely 
high during the week after the first episode of bleeding. He feels that to combat t! 
early high mortality the surgeon should assume his responsibility of the patien| 
soon after the first hemorrhage occurs, rather than waiting to treat only those 
patients who survive the most critical period. Improved knowledge of the natur: 
history of patients with proven vascular abnormalties is needed as a basis for evali- 
ating the various therapeutic methods used. 

Several reports on the use of hypothermia in the treatment of craniocerebra| 
trauma expressed caution for the dangers of hypothermia itself. G. Lazorthes and 
P. Wertheimer (Toulouse and Lyon, France) were of the opinion that it should he 
reserved only for very grave injuries. K. Kristiansen (Oslo, Norway) stated the fear 
that some patients who have sustained such a severe brain injury that mentality 
is affected, are kept alive unduly long with hypothermia, and remain a burden to 
society. H. Elliott (Montreal, Canada) reported success in the treatment of massive 
intracranial hemorrhage by hypothermia. An enthusiastic report for the use of 
hypothermia during surgery for 173 brain tumors was given by C. B. Sedzimir 
(Liverpool, England). He found that retraction of the brain was easier, and bleeding 
and operative time were diminished because a decrease in brain volume allows the 
surgeon more room within the cranium. All of the reports warned against dropping 
body temperature below 27°C. since this increases the risk of ventricular fibrillation 
of the heart. Intracranial pressure dropped markedly at body temperatures be- 
tween 24° and 27°C., satisfactorily between 27° to 30°C., and not significantly 
between 30° to 33°C. when measured in humans through an intraventricular can- 
nula by N. Lundberg (Lund, Sweden). He was not as enthusiastic as Sedzimir for 
the use of hypothermia during intracranial surgery from his experience with 85 
operations for brain tumor. 

H. L. Rosomoff (Bethesda, Md., USA) reported that hypothermia is effective 
in preventing neurological deficits in animals if it is started within 15 minutes 
after occlusion of a blood vessel and the temperature is dropped to 24°C. within 
90 minutes. R. W. Porter and G. J. Hayes (Washington, D.C., USA) found that major 
cerebral vessels of monkeys, cooled to 24° to 30°C., can be occluded to expedite 
surgery on them for four periods of 10 minutes each if the time elapsed between oc- 
clusions is increased by a 10-minute increment after each occlusion. Rapid cooling 
of the brains of dogs was produced by the use of extracorporeal hypothermia by 
B. Woodhall and D. H. Reynolds (Durham, N.C., USA). The temperature of the 
body dropped only 2° to 4°C. while the brain was cooled 23°C. There was no dif- 
ficulty with cardiac irregularity even during rapid cooling of the brain. W. H. Sweet 
et al. (Boston, Mass., USA) find that ventricular fibrillation results from unequal 
cooling of the cardiac musculature during rapid cooling of the body. They advocate 
a slow cooling rate of 1°C. each 15 to 20 minutes until a minimum level of 25.8° to 
28.8°C. is reached. 
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SYMPOSIUM ON SUPRATENTORIAL ANGIOMAS 


Seven hundred cases of supratentorial angiomas were mentioned during the 
presentations over which H. Olivecrona (Stockholm, Sweden) presided. The results 
of treatment by all the authors implied that a more optimistic future can be pre- 
dicted for people with intracranial angiomas. H. Krayenbiihl (Ziirich, Switzerland) 
found 1,000 cases of angiomas in the literature; 85.7 per cent were supratentorial, 
6.2 per cent were in the cerebellum and 8.1 per cent arose from the external carotid 
ci. culation. 

The vessels in close approximation to angiomas of the brain were found to be 
normal by W. B. Hamby (Buffalo, N.Y., USA). He feels that this information sup- 
ports the theory that intracranial angiomas are congenital in origin and that their 
gradual enlargement extends only within the limits of the abnormal vessels, and not 
to the adjacent normal vessels. K. Decker (Munich, Germany) found that most of 
the patients with convulsions as a prominent symptom showed an accumulation of 
abnormal vessels about the motor cortex. In those with subarachnoid hemorrhage, 
the lesion is more likely to be in the central or occipital areas of the brain. Normal 
areas of the brain were found to be deprived of blood by the fast circulation through 
the angioma by G. Norlén (Géteborg, Sweden). Removal of the angioma restored 
normal circulation. The importance of differentiating between centrally lying 
angiomas and those in the ventricular walls was stressed by C. A. Carton and E. C. 
Alvord (New York, N.Y. and Houston, Texas, USA). They advocate combined 
pneumoencephalography and angiography to demonstrate these lesions adequately. 
They operated upon 3 in the thalamus, 3 in the caudate nucleus and 3 in the choroid- 
al arteries. A review of 500 cases of spontaneous subarachnoid hemorrhage by 
0. Héék ((Stockholm, Sweden) showed a ratio of arteriovenous aneurysm, 1, 
arterial aneurysm, 2, and no angiographic evidence of vascular anomaly, 1.5. 
Prognosis is best for those in whom no lesion is demonstrated angiographically, and 
poorest for arterial aneurysms. 

There was rather universal agreement that surgery is the best treatment for 
supratentorial angiomas. The frequently stated contraindications for surgery of 
these lesions were severe mental deterioration, lesions involving the “central por- 
tion” of the brain, or those that are fed from both carotid or both vertebral arteries. 
D. Petit-Dutaillis (Paris, France) expressed the feeling of many of the neurosur- 
geons that hypotension produced by ganglioplegic drugs is very helpful in the re- 
moval of angiomas, and that hypothermia, while good in theory, is more dangerous 
and more troublesome. L. A. Mount (New York, N.Y., USA) stressed the use of 
several techniques that may be overlooked. The Matas test demonstrates adequacy 
of the brain’s collateral circulation. Ligation of the common carotid artery should 
be done close to the bifurcation to prevent thrombosis in the stagnant portion of 
the artery between the ligature and the bifurcation. Angiography should always be 
carried out after the surgical treatment of an intracranial vascular lesion to learn 
whether it has been dealt with adequately. 


SYMPOSIUM ON STEREOTACTIC SURGERY 
The timing of the Symposium on Stereotactic Surgery was appropriate as 1957 
is the 100th anniversary of the birth of Sir Victor Horsley who with R. H. Clarke 
did the first stereotactic surgery in animals. It was also the 10th anniversary of 
Spiegel and Wycis’ report of the first successful stereotactic operation in man. 
Three topics received major attention in this symposium: 1) anatomical varia- 
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tions of the human brain, 2) technics of stereotactic surgery, and 3) clinical expe - 
ences with the technic. 

Stereotactic surgery in man was slowed for some time by attempts to rela e 
structures of the brain to landmarks in the skull, as is done for animals. Sever:l 
investigators concluded almost simultaneously that there is no constant relationsh p 
between the human skull and the nuclei of the brain, and developed intracerebral] 
landmarks. At the time of the symposium, all of the investigators were using a lijie 
between the anterior and posterior commissures (“‘ventricular base line’’) as the rcf- 
erence for their stereotactic coordinates. These two points have been chosen because 
they can be identified in roentgen-ray contrast studies of the brain and have a rela- 
tively constant relationship to the nuclei of the brain. The ventricular base line is 
an accurate reference for the basal ganglia, which are close to it, but not for the 
cerebral white matter and cortex which are further away. 

Several groups of investigators have tried to establish formulae to relate nuclei 
of the brain to size and shape of the skull. Such measurements have not demon- 
strated any constant similarities of pattern. It has been shown, however, that the 
silhouettes of the various nuclei overlap enough to allow accurate placement of 
electrodes into them. 

Numerous methods have been sought to determine whether the tip of an elec- 
trode has reached the desired point in the depths of the brain. Electroencephalo- 
graphic data as used by W. Umbach (Freiburg, Germany) are not of much benefit 
in this regard. None of the structures of the brain has an electrical discharge that is 
characteristic enough to identify it with certainty, although differences in activity 
can be detected as an electrode is passed from one structure into another. Stimula- 
tion and electrical pickup are helpful in determining when the electrode is not in the 
desired structure, by demonstrating the characteristic electrical or motor activity 
of adjacent structures, such as the internal capsule or optic tracts. The stimulation 
method for determining the position of the electrode may eventually be a more 
precise means of localization than the anatomical coordinates. 

Most of the investigators have developed their own system of stereotactic 
coordinates. Only a small portion of the accumulated anatomical data was discussed. 
J. Talairach, M. David and co-workers (Paris, France) presented a well-documented 
paper on the relationship of the basilar nuclei to roentgen-ray landmarks, and also 
had on display a newly printed stereotactic atlas demonstrating their carefully 
prepared system of coordinates. G. Schaltenbrand and Percival Bailey (Wiirzburg, 
Germany and Chicago, IIl., USA) displayed parts of a beautifully prepared and 
printed atlas which promises to be an authoritative addition to the stereotactic 
approach and to human neuroanatomy. Some variations in the size and shape of 
the nuclei of the brain were pointed out in a scholarly work by J. B. Brierley and 
E. Beck (London, England). It became apparent that a great deal more investiga- 
tion is needed in this field. 

Each group that has carried out a sizeable volume of human stereotactic surgery 
has developed a technique of its own. All of the apparati described have a similar 
appearance. They are comprised of a superstructure which can be attached rigidly 
to the patient’s head. The superstructure allows the accurate holding and direct ing 
of a needle or electrode into the depths of the brain. All of the investigators have 
found it necessary to attach the apparatus to the skull itself, since methods that 
hold it by plugs in the orifices proved to be insecure and painful. In most cases a 
rectangular system of coordinates has been used. The measurements for the pl ce- 





me 
son 
con 


lesi 
be 

tuk 
kee 
mil 
tuk 


to 


lab 
diff 
tho 
ves 
ma 
dist 


tre: 
mu 
wit 
the 


oe? 


peii- 


ela_e 
veral 
ish p 
ebral 
l line 
> ref- 
“alise 
rela- 
ine is 
r the 


clei 
mon- 
t the 
nt of 


elec- 
hhalo- 
enefit 
hat is 
tivity 
mula- 
in the 
tivity 
lation 
more 


tactic 
ussed. 
ented 
d also 
‘efully 
zburg, 
d and 
ytactic 
ape of 
“y and 
estiga- 


urgery 
similar 
rigidly 
ect ing 
s have 
ls that 
nASeS a 
pl:ce- 


REPORT OF MEETING 347 


men! of the electrode are usually determined from pneumoencephalograms. In 
som. clinics, radiopaque oils are used to demonstrate the anterior and posterior 
com nissures. 

‘ince roentgenograms are essential in determining the precise placement of 
lesiois, a great deal of effort has been utilized to diminish the errors that might 
be p oduced. Radiological magnification is eliminated in some clinics by placing the 
tube more than 5 meters from the patient to produce parallel beams, and in others by 
kee} ng magnification constant and correcting for it mathematically. Distortion is 
min: nized by maintaining the patients in a given relationship to the roentgen-ray 
tube, either by attaching the stereotactic apparatus to the roentgen-ray tube or 
toa’ immovable object. 

. A. Spiegel and H. T. Wycis (Philadelphia, Pa., USA) compared the control- 
lability and uniformity of brain lesions produced stereotactically by a number of 
different agents. They concluded that electrolytic lesions are more uniform than 
those produced by mechanical, thermal, chemical or radioactive means. Most in- 
vestigators are using electrocoagulation of one sort or another. From the reports 
made in Brussels, lesions produced by ultrasound are neither as accurate nor as 
diserete as those produced by the other agents. 

The largest clinical experience in human stereotactic surgery has been in the 
treatment of Parkinsonism. Success in this field has probably created and sustained 
much of the interest that has arisen. About 500 stereotactically treated patients 
with Parkinsonism were mentioned in the papers and discussions. The majority of 
these patients have had lesions placed in the globus pallidus. 

R. Hassler’s (Freiburg, Germany) finding that bilateral lesions of the globus 
pallidus may lead to dementia concurred with that of most of the authors. Lesions 
in the region of the ansa lenticularis and the medial segment of the globus pallidus 
are most effective for the control of rigidity and, to a lesser extent, of tremor. Some 
authors were of the opinion that tremor was occasionally benefited on both sides, 
after a unilateral lesion of the globus pallidus. H. Narabayashi (Tokyo, Japan), 
from his experience with 120 cases of Parkinsonism, finds that tremor is improved 
only temporarily by lesions in the globus pallidus. It is his opinion that the only 
permanent effect of destruction of the globus pallidus is relaxation of rigidity which 
indirectly benefits the control of tremor. L. Leksell’s (Lund, Sweden) group gave 
the only report of a detailed analysis of results of the treatment of Parkinsonism. 
The rigidity and tremor of all 61 of his patients were improved enough to allow them 
to be more independent. However, none of the patients who were so incapacitated 
as to be unable to work preoperatively was able to return to work after the operation. 
Apparently, all of those who worked before surgery were able to continue afterward. 

A few cases were reported in which the globus pallidus was not the target (Ziel- 
punkt) of the stereotactic lesion for the treatment of Parkinsonism. R. Hassler 
(Freiburg, Germany) discussed 11 patients in whom lesions were placed in the 
ventrolateral nucleus of the thalamus. There was improvement of tremor and rigidity 
without paralysis. Temporary nystagmus developed toward the side of the lesion, 
but no sensory troubles. If the thalamic lesions were made bilaterally, there was a 
severe disturbance of intellect and behavior similar to that occurrring with large 
frontal lobe lesions. This change was not as pronounced when the lesion was made 
on only one side, but apparently even the unilateral procedure was abandoned 
because of it. I. S. Cooper (New York, N.Y., USA) reported that he relieves the 
occasional tremor that is not benefited from a lesion in the medial globus pallidus, 
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by making a lesion more posteriorly, presumably in the region of the ventrolc ‘era! 
nucleus of the thalamus. 

Because of the infrequent occurrence of hemiballismus, each author who } en. 
tioned its treatment had only one or two cases to report. The threat of death | rom 
exhaustion seems to have prompted most of the surgical approaches to treatn ent, 
Most of the surgical attempts to relieve hemiballismus have been directed towan 
the pyramidal system at the level of the cortex, capsule or peduncles. R. E. Si rain 
and I. Perlmutter (Miami, Fla., USA) achieved the same result by anterola eral 
chordotomy at the level of the 2nd cervical segment. It was interesting to note that 
relief may also be achieved through the “‘extrapyramidal” system, by making lesions 
in the posterior portion of the globus pallidus. 

The hopes for relief of choreo-athetosis have not been completely realized. The 
stereotactic treatment of about 50 patients with choreo-athetosis was mentioned 
during the symposium. T. Riechert (Freiburg, Germany) reported a few cases of 
choreo-athetosis in which lesions were made in the ventrolateral nucleus of th: 
thalamus. ‘‘Dementia amental” developed fairly regularly after the bilateral lesions 
and sometimes after the unilateral. The majority of patients with choreo-athetosis 
reported were treated by producing lesions in the globus pallidus. No one claimed 
success in relieving athetosis, but a number of patients were said to be able to walk 
and use their hands more effectively because of improvement of the choreiform 
movements. H. Narabayashi (Tokyo, Japan) found that children 5 to 10 years of 
age with choreo-athetosis received more benefit from lesions placed in the globus 
pallidus than do older individuals. 

Huntington’s chorea was treated in a few cases by destruction of the external 
portion of the globus pallidus and ansa lenticularis with some improvement of motor 
function for a few years, followed by progression of symptoms. The patients were 
not benefited to any great extent in their psychic behavior. 

The placement of radioactive materials into the depth of intracranial neoplasms 
is a promising part of the armamentarium of stereotactic surgery. It seems to be 
particularly valuable for the treatment of tumors impossible or difficult to approach 
by open surgery. 

Stereotactic production of lesions in the hypophysis was reported by three au- 
thors. T. Riechert (Freiburg, Germany) approaches the pituitary gland through the 
frontal lobe and implants radioactive materials to ameliorate carcinomas and for 
the treatment of patients with pituitary tumors, in whom vision was not affected. 
J. Talairach et al. (Paris, France) use the same indications, but insert radioactive 
gold particles into the hypophysis through the nose and sphenoid sinus. He has an 
ingenious system for inserting a tantalum screw into the hole made in the floor of 
the sella turcica, to prevent cerebrospinal fluid rhinorrhea and infection. E. Klar 
(Heidelberg, Germany) showed a fascinating moving picture demonstrating the use 
of a roentgen-ray image amplifier to direct an electrode through the floor of the 
sella turcica to destroy the pituitary gland. 

Although the first human stereotactic surgery was directed toward the relief of 
pain, relatively little attention was paid to this type of treatment during the sym- 
posium. Three approaches have been made for relief of pain: destruction of the 
spinothalamic tracts cephalad and posterior to the quadrigeminate tubercules, inter- 
ruption of the terminal nuclei of the spinothalamic tract in the medial thalamus, and 
destruction of the medial nucleus of the thalamus for its psychic reaction on pain. By 
stimulating the areas during some of these operations, R. Hassler (Freiburg Ger- 
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mary) found that there is a patterned lamination of distribution of pain in the 
medial thalamic nuclei similar to that in the spinothalamic tract. 

“he study of epilepsy is another area in which stereotactic surgery offers promis- 
ing possibilities. Deep epileptogenic foci have been sought without destroying more 
sup: rficial structures. The spread of abnormal electrical activity from an epilepto- 
genic focus can be mapped more adequately by this technique. T. Riechert (Frei- 
bur;, Germany), in a brief report, stated that destruction of the fornix in 5 patients 
with: psychomotor epilepsy markedly decreased the number and severity of seizures. 
He « {tributed the success of the procedure to diminution of the facilitatory impulses 
carried through the fornix to epileptogenic foci in the temporal lobe. 

ven hydrocephalus has received the attention of the stereotactic surgeon. 
Lesions have been made in the lamina terminalis by P. Crezée (Rotterdam, Holland) 
and drainage of the posterior third ventricle into the cisterna ambiens using a special 
punch attachment for his stereotactic apparatus is advocated by T. Riechert. 

Some interesting data gathered during the performance of stereotactic surgery 
were reported. R. Hassler (Freiburg, Germany) found that he could produce 
somnolence or excitation by varying the stimuli introduced through electrodes in 
the central nuclei of the thalamus. He also speculates that the globus pallidus is 
part of the activating system of the brain because certain stimuli in its external seg- 
ments resulted in arousal. R. G. Bickford et al. (Rochester, Minn., USA) produced 
repetitive, writhing, slapping, rubbing, movements of the contralateral arm and 
hand by stimulating in an area “one centimeter lateral to the middle of the tail of 
the caudate nucleus.’ They were able to alter the pattern of the movements by 
changing the stimulus, or the position of the patient’s hand at the start of the 
stimulation. E. L. Foltz and L. E. White (Seattle, Wash., USA) were able to abolish 
symptoms and signs of morphine withdrawal by producing lesions in the cingulate 
fasciculus of the monkey. They were also able to modify emotional and autonomic 
hyperactivity by producing similar lesions in humans. D. Brage et al. (Buenos Aires, 
Argentina) showed profound metabolic, electroencephalographic, electrocardio- 
graphic and endocrine changes in patients who had destructive lesions made in the 
globus pallidus. These disturbances are greatly increased by bilateral lesions of the 
globus pallidus, and in some cases they contributed to the patient’s death. 

One of the interesting controversies raised during the symposium involves the 
need for extreme precision in placement of lesions. I. S. Cooper (New York, N.Y., 
USA), who popularized destruction of the globus pallidus for treatment of hyper- 
kinetic disorders, reported the largest group of patients treated. He introduces 
needles into the globus pallidus, freehand, using simple roentgen-ray controls. He 
reported results in the treatment of Parkinsonism and choreo-athetosis which com- 
pare favorably with those of the surgeons who use a more precise mechanical method 
of placement of lesions. Cooper reported no greater mortality rate or incidence of 
complications. A variation of Cooper’s technique using the landmarks described by 
Fénelon was reported by A. D. Kaplan (Buenos Aires, Argentina). It was obvious 
from discussions in the corridors after the Symposium on Stereotactic Surgery that a 
considerable number of surgeons, all over the world, are making lesions in the 
globus pallidus using the freehand method. The growing popularity of this procedure 
indicates that it must be meeting with sufficient success to satisfy both doctors and 
patients. 

FREE PAPERS 


Some interesting ideas were expressed in the papers that were not classified with 
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any of the symposia. P. C. Boone (Utrecht, Holland) finds that intact nerve fiers 
in man may “sprout”? to innervate adjacent denervated muscles. For exan ple, 
nerves from the buccinator may innervate the adjacent denervated facial mus: les, 
This author believes that fasciculations of muscle, regardless of cause, result {rom 
“peripheral reinnervation.” 

“Atlas stenosis” can be demonstrated by plain roentgenograms or myelography 
in children with Arnold-Chiari malformation associated with spinal meningocele 
or myelomeningocele. H. A. Maslowski (Manchester, England) believes that the 
presence or absence of this finding may be decisive in determining whether the hy dro- 
cephalus that develops is communicating or noncommunicating. 

Fourteen patients have been treated with hypophysectomy for severe diabetes 
mellitus (Kimmelstiel-Wilson type) by M. T. Javid et al. (Madison, Wis., USA). 
There have been 3 deaths. The remainder have had a 50 per cent to 80 per cent 
reduction of their insulin requirements and are doing quite well. 

E. A. Smolik e¢ al. (St. Louis, Mo., USA) found that there is an increase in blood 
volume in a large share of patients after intracranial surgery and cerebral trauma. 
They are of the opinion that studies of blood volume using radioisotopes should be 
performed to guide administration of fluid after acute brain damage. 

J. J. Barcia Goyanes (Valencia, Spain) amplifies the bruits and normal vibra- 
tions of the brain electronically. He also percusses the brain with low-frequency 
sounds and picks up the echoes with an amplifier. He tinds the percussion method 
more precise for the detection and localization of brain tumors than any of the 
other methods. 

Injection of the internal cerebral veins after death reveals that the large network 
of ‘“‘transcerebral veins” which travel through the hemispheres to join the cortical 
veins are partially occluded in subdural hematomas. H. A. Kaplan and J. Browder 
(Brooklyn, N.Y., USA) suggest that this finding may explain the severe edema and 
widespread pathology associated with large subdural hematomas. 

Infrathalamic tractotomy for pain has been performed through the posterior 
fossa in 20 cases by B. Zapletal (Olomouc, Czechoslovakia). He dissects superior 
to the cerebellum across the cisterna ambiens and makes a cut ‘“‘on the borderline of 
the brachia colliculi and corpus geniculatum mediale,” with a special tractotomy 
knife. F. Mikula from the same clinic finds that this infrathalamic tractotomy is an 
improvement in the treatment of intractable pain, as it does not leave the dysaes- 
thesias and paraesthesias that occur after mesencephalic tractotomy. 

Attempts are still being made to improve the results of surgical treatment for 
temporal lobe epilepsy. A. E. Turner (London, England) has made some “‘tiny 
rotary leucotome”’ lesions, presumably cutting the fibers going from the an/erior 
temporal pole to the diencephalon through the tail of the caudate nucleus. He reports 
decreased frequency of seizures and improvement of psychiatric disorders. 

FIFTH SYMPOSIUM NEURORADIOLOGICUM 


Attention in this symposium was directed toward pneumoencephalography, and 
the positions and maneuvers for filling various intracranial spaces, rather than to 
angiography. A roentgen-ray image amplifier has been used in the performance of 
pneumoencephalography by O. Wiedenmans and K. H. Leuchs (Munich, Germany). 
They watch the air as it ascends the spinal canal and are able to direct it through 
the intracranial spaces by changing the position of the head. They take films only 
when an area is well demonstrated. One of the many advantages cited for this 
technique was the ability to demonstrate cerebellar herniation with only « few 
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cubic centimeters of air. The shortest distance between the posterior contour of the 
thied ventricle and the cisterna ambiens is important in demonstrating tumors in 
the region of the pineal body. E. Klaus (Olomouc, Czechoslovakia) found that this 
distance is less than 0.7 cm. with hydrocephalus and more than 1.3 cm. in the pres- 
ence of a tumor in the region of the pineal body. 

Visualization of the posterior cerebral artery during carotid angiography is 
thought by B. Chrast and B. Vagners (Brno, Czechoslovakia) to cast the suspicion 
of ‘umor or vascular malformation of the temporal lobe on that side. A medial 
shi't of the distal portion of the posterior cerebral artery on the anterior-posterior 
projection indicates a tumor of the occipital lobe. An isolated depression in the 
cisicrnal portion of the posterior cerebral artery, under a line drawn from the nasion 
to he processus alae parvae on the lateral projection, is the indication of a mass in 
the medial temporal lobe. 

Che over-all picture created by the First International Congress of Neurological 
Sciences is that each of the disciplines represented is preparing itself to explore 
the depths of the brain more thoroughly. The next few years promise significant 
advances in knowledge of portions of the brain that have heretofore been inac- 
cessible. 

Rosert F. Hemesurcer, M.D.* 


* Neurological Surgery Division, Indiana University Medical Center, Indianapolis 7, Indiana. 





NOTICES 
SOUTHERN NEUROSURGICAL SOCIETY 


The Southern Neurosurgical Society held its 10th Annual Meeting at Jackson, 
Mississippi, March 21 and 22, 1958. Dr. James G. Arnold, Jr., of Baltimore siic- 
ceeded Dr. William F. Meacham of Nashville as President. Dr. Charles L. Neil! of 
Jackson was elected Vice-President. The Secretary-Treasurer, Dr. C. D. Hawkes of 
Memphis, has one more year of a three-year term to serve. 

The 11th Annual Meeting of the Society will be held at the Americana, }Sal 
Harbor, Miami Beach, Florida, on January 23-24, 1959. Attendance is for members 
and invited guests. 


TRAINEESHIPS IN NEUROLOGICAL SCIENCES 


The Institute of Neurological Sciences, School of Medicine, University of Penn- 
sylvania, is continuing its training and research fellowship program which offers a 
broad and integrated approach to the study of the nervous system. In addition, the 
Institute is now supporting qualified investigators who wish to pursue an academic 
career in the field of psychiatry. Fellowships are available to Ph.D. candidates and 
to postgraduate investigators (Ph.D., M.D.), the stipends to be arranged according 
to need and qualifications. For further information write: Dr. Louis B. Flexner, 
Institute of Neurological Sciences, School of Medicine, University of Pennsylvania, 
Philadelphia 4, Pa. 


MEETINGS 


AMERICAN ACADEMY OF NEUROLOGICAL SuRGERY, Royal York Hotel, Toronto, Canada, November 6-8: 
1958. Dr. Eben Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C., Secretary: 

AMERICAN ASSOCIATION OF ELECTROMYOGRAPHY AND ELEecTRopIAGNOsIS, Philadelphia, Pa., Aug. 24, 
1958. Dr. George H. Koepke, University Hospital, Ann Arbor, Mich., Secretary. 

AMERICAN NEUROLOGICAL AssoctATION, Claridge Hotel, Atlantic City, N. J., June 16-18, 1958. Dr. 
Charles Rupp, 133 South 36th St., Philadelphia 4, Pa., Secretary. 

Coneréts (IX) pE NEUROCHIRURGIE DE LANGUE FRANCAISE, Toulouse, France, June 12-15, 1958. Prof. 
G. Lazorthes, Hépital de Purpan, Toulouse, France, President. (Subjects: Water metabolisin in 
neurosurgery, pituitary adenomas, pituitary surgery.) 

ConGREss OF NEUROLOGICAL SURGEONS, St. Francis Hotel, San Francisco, Calif., Oct. 30—Nov. 1, 1958. 
Dr. Richard DeSaussure, Jr., 525 Physicians & Surgeons Bldg., Memphis 3, Tenn., Secretary. 
Harvey Cusine Society, Roosevelt Hotel, New Orleans, La., April 30-May 2, 1959. Dr. David L. 

Reeves, 316 West Junipero St., Santa Barbara, Calif., Secretary. 

ITaLiAN Society oF NEvuRosuRGERY, Florence, Italy, May 31-June 1, 1958. Dr. Giulio Morello, Via 
Celoria n. 11, Milan, Italy, Secretary. 

NevurRosurGIcaL Society or America, The Homestead, Hot Springs, Va., March 4-7, 1959. Dr. Frank 
P. Smith, 260 Crittenden Blvd., Rochester 20, N. Y., Secretary. 

New York Society or NeurosurGery, New York Academy of Medicine, New York City, May 20, 
1958, at 8:30 p.m. Dr. Henry Wigderson, 162-05 89th Ave., Jamaica 32, N. Y., Secretary. (Sym- 
posium on brain abscess.) 

SCANDINAVIAN NEvRosuRGICAL Society, Copenhagen, Denmark, August 29-30, 1958. Dr. Bendt 
Broager, Neurokirurgisk afd., Bispebjerg Hospital, Copenhagen NV, Denmark, Secretary. 
Society or British NeuroLogicaL Surceons, Wassenaar and Utrecht, Holland, May 8-10, 1958. 

Mr. D. W. C. Northfield, London Hospital, London E.1, England, Secretary. 

SouTHERN NEvuRosuRGICcAL Society, Americana, Bal Harbor, Miami Beach, Fla., Jan. 23-24, 1959. 

Dr. C. D. Hawkes, 22 N. Manassas St., Memphis 5, Tenn., Secretary. 
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_DISLOCATION OF THE ATLAS ON THE AXIS 
THE VALUE OF EARLY FUSION OF Cl, C2, AND C3* 
BEN ALEXANDER, JR., M.D., H. F. FORSYTH, M.D., C. H. DAVIS, JR., 
M.D., ann BLAINE S. NASHOLD, JR., M.D. 
epartment of Surgery, Sections of Neurosurgery and Orthopedics, Bowman Gray School 


of Medicine, Wake Forest College, Winston-Salem, North Carolina 


(Received for publication May 31, 1957) 


HE odontoid process of the axis owes its importance to its anatomical 

location high in the cervical spine. Since fractures of this small process 

- are associated with dislocations of the atlas on the axis, which in turn 
compress the upper cervical spinal cord, it is not surprising that both 
morbidity and mortality are high with these injuries. Geoffrey Jefferson” 
in 1920 and Osgood and Lund?’ in 1928 surveyed 55 of the fractures of the 
odontoid process reported to that time, the mortality being about 50 per 
cent. In at least 10 of the fatal cases reviewed by Osgood and Lund death 
was not immediate but occurred in patients who had become increasingly 
disabled over weeks, months, or years. Possibly a tendency to report fatal 
cases at that time made the mortality more apparent than real. By 1945 
Hinchey and Bickel”® surveyed the previous literature and added 8 cases of 
their own, making a total of 120. 

Osgood and Lund?’ in 1928 discussed a fracture of the odontoid process 
received by Dr. Lund himself in 1925. His injury was the forerunner to the 
great increase in the number of fractured odontoid processes reported since 
then. Dr. Lund’s accident occurred in a Model-T Ford; the tremendous 
advances in power and speed of automobiles since 1928 are a matter of 
record. As a result there is an increase in fractures and dislocations of the 
upper cervical spine associated with severe trauma. Undoubtedly the in- 
creasing use of roentgenograms taken of areas in which injury is suspected 
results in more frequent recognition of abnormalities in the cervical region. 

Embryologically the odontoid process arises as a part of the body of the 
atlas but later fuses with the upper portion of the body of the axis and 
articulates with the posterior surface of the small body of the atlas. It is 
held firmly in place dorsally by the transverse ligament of the atlas. In 
about 23 per cent of people 30 to 50 years old*® there is an incomplete union 
of the odontoid process with the axis. A small island of cartilage, the vestige 
of the original intervertebral disc, remains at the base of the odontoid 
process. This island of cartilage in some cases may contribute to the ease 
with which dislocations of the odontoid process occur. Under certain cir- 
cumstances, as in chronic rheumatoid arthritis and in acute pyogenic infec- 


Presented at the 9th annual meeting of the Neurosurgical Society of America, January 21, 1956, 
Key Biscayne, Florida. 
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dinary intellectual honesty but even more his innate and unblemished modesty. 
There were those, to be sure, who disagreed with his conclusions but no one ever 
even thought of disputing his facts. 

He was a member of many societies including the Society of Neurological Sur- 
geons (President 1937-38), American Neurological Association (Vice-President 
1940-41), American Surgical Association, The New England Surgical Society, The 
Southern Surgical Association and the Harvey Cushing Society. He was a diplomate 
of the U. S. Boards of Neurosurgery and Surgery, having served as a member of the 
former from 1942-1948. Abroad he was a member of the Société de Neurologie de 
Paris, the Société Clovis Vincent and the Royal Society of Medicine of England. He 
was also an honorary member of the Philadelphia Neurosurgical Society and the 
Venezuelan and Chilean Neurosurgical Societies. He had been awarded honorary 
degrees from Williams—an Sc.D. in 1936—and by Temple University—an LL.D. 
in 1955. 

His favorite avocations were trout fishing, curling and golf. Each year saw him 
take enough time off to indulge, usually with his wife, in these pastimes. 

A model gentleman, a great clinician, a beloved teacher and a master surgeon— 
he will be long remembered and sorely missed. 

DonaLp Munro, M.D. 














NOTICES 
AMERICAN ACADEMY OF NEUROLOGICAL SURGERY 


At its 19th annual meeting at The Cloister, Sea Island, Georgia, the American 
Academy of Neurological Surgery elected the following officers: President, Dr. 
Jess D. Herrmann; President-Elect, Dr. Edwin B. Boldrey; Vice-President, Dr. 
Samuel R. Snodgrass; Secretary-Treasurer, Dr. Robert L. McLaurin; Historian, 
Dr. Howard A. Brown. 

The Annual American Academy of Neurological Surgery Award was won by Dr. 
Byron C. Pevehouse of San Francisco, California, whose paper entitled “‘Observa- 
tions on Methods of Induced Hypotension and Hypothermia in the Rhesus Monkey” 
was given at the meeting by Dr. Pevehouse. 

The 20th annual meeting will be at the Royal York Hotel and at the Toronto 
General Hospital, Toronto, Ontario, on November 6-7, 1958. 


CHARLES A. ELSBERG LECTURE 


Dr. Robert Pomerat will deliver the annual Elsberg Lecture on March 18, 1958 
at the New York Academy of Medicine, 2 East 103rd St., New York City, at 8:30 
p.M. His subject will be “Recent Advances in the Study of Living Nervous Tissues.” 


CONGRESS OF NEUROLOGICAL SURGEONS 


The Congress of Neurological Surgeons held its 7th annual meeting at the Statler 
Hotel in Washington, D. C., November 7-9, 1957. A postgraduate program was 
held at the Armed Forces Institute of Pathology and the National Institute of 
Health on November 6. Dr. Francis C. Grant was the honored guest speaker. 

The following officers were elected: President, Dr. Raymond K. Thompson, 
Baltimore, Maryland; Vice-President, Dr. Philip D. Gordy, Wilmington, Delaware; 
Secretary-Treasurer, Dr. Richard L. DeSaussure, Memphis, Tennessee; Executive 
Committee Members, Doctors Edward C. Weiford, Kansas City, John R. Russell, 
Indianapolis, Indiana, and Robert Weyand, Oakland, California. 

The 8th annual meeting will be held Oct. 30—Nov. 1, 1958 at the Saint Francis 
Hotel in San Francisco, California. 


ITALIAN SOCIETY OF NEUROSURGERY 
The Italian Society of Neurosurgery (Societa Italiana di Neuro Chirurgia) will 
hold its IX Congress in Florence on April 24-25, 1958. Two subjects will be dis- 
cussed: (1) Cerebral abscesses and suppurative encephalitis. (2) Herniations of 
cervical intervertebral discs and cervical spondylosis. 
Further information may be obtained from the Secretary, Dr. Giulio Morello, 
Via Celoria n. 11, Milan, Italy. 


NEUROSURGICAL SOCIETY OF AMERICA 


The 11th annual meeting of the Neurosurgical Society of America was held at 
Key Biscayne, Florida, January 15-18, 1958. The following officers were elected: 
President, Dr. Charles L. Neill; Vice-Presidents, Dr. Christian Keedy, Dr. Ray- 
mond K. Thompson; Secretary, Dr. Frank P. Smith; Treasurer, Dr. Bertram Selver- 
stone. 
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The next meeting of the Society will be held at the Homestead, Hot Springs, 
Virginia, March 4—7, 1959, and it is intended for the members and invited guests. 


TRAINING FELLOWSHIP 


The New York University-Bellevue Medical Center is offering a Three-Months 
Training Fellowship with stipend in neuroanatomy and neurophysiology, beginning 
September 1958. 

For information apply to: Dr. Louis Hausman, Departinent of Anatomy, New 
York University-Bellevue Medical Center, 550 First Avenue, New York 16, New 
York. 


MEETINGS 


AMERICAN ACADEMY OF NEUROLOGICAL SurGERY, Royal York Hotel, Toronto, Canada, November 6-8, 
1958. Dr. Eben Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C., Secretary. 

American NeurouogicaL Association, Claridge Hotel, Atlantic City, N. J., June 16-18, 1958. Dr. 
Charles Rupp, 133 South 36th St., Philadelphia 4, Pa., Secretary. 
CONGRESS OF NEUROLOGICAL SURGEONS, St. Francis Hotel, San Francisco, Calif., Oct. 830-Nov. 1, 1958. 
Dr. Richard DeSaussure, Jr., 525 Physicians & Surgeons Bldg., Memphis 3, Tenn., Secretary. 
Harvey Cusuine Society, Mayflower Hotel, Washington, D. C., April 21-23, 1958. Dr. David L. 
Reeves, 316 West Junipero St., Santa Barbara, Calif., Secretary. 

ITALIAN Society or NEvrosurGERY, Florence, Italy, April 24-25, 1958. Dr. Giulio Morello, Via Celoria 
n. 11, Milan, Italy, Secretary. 

NEUROSURGICAL Society oF America, The Homestead, Hot Springs, Va., March 4-7, 1959. Dr. Frank P. 
Smith, 260 Crittenden Blvd., Rochester 20, N. Y., Secretary. 

New York Society or NeurosurGery, New York Academy of Medicine Bldg., New York City, 
March 18, 1958. Dr. Henry Wigderson, 162-05 89th Ave., Jamaica 32, N. Y., Secretary. 

SCANDINAVIAN NeEvROsuRGICAL Society, Copenhagen, Denmark, August 29-30, 1958. Dr. Bendt 
Broager, Neurokirurgisk afd., Bispebjerg Hospital, Copenhagen NV, Denmark, Secretary 

Society oF British NeEvROLOGICAL SurGEONS, Wassenaar and Utrecht, Holland, May 8-10, 1958. 
Mr. D. W. C. Northfield, London Hospital, London E.1, England, Secretary. 

Society or NEUROLOGICAL SurGEons, Durham, N. C., April 18-19, 1958. Dr. Bronson S. Ray, 525 East 
68th St., New York 21, N. Y., Secretary. 
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The Journal of Neurosurgery is devoted to the publication of work relating primarily 
to neurosurgery, including studies in clinical neurophysiology, organic neurology, 
ophthalmology, radiology and pathology. Short articles on unusual cases and on 
technique, special instruments or equipment that might be useful to others in the 
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MANUSCRIPTS are accepted with the understanding that they are contributed solely 
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